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5-0  CCNTAWIMATIOH  ASSESSMEH7 

The  criteria  developed  In  this  section  were  used  to  estimate  acceptable 
concentrations  of  contaminants  of  concern  in  the  biotic  environment  to 
assist  in  the  evaluation  of  potential  adverse  ecological  effects  resulting 
from  RMA  contamination.  These  values  are  used  la  this  Biota  RI  document  as 
a  basis  for  evaluating  potential  harm  to  species  and  ecosystems  where  the 
effects  may  be  subtle  or  difficult  to  detect  by  direct  field  observation 
alone.  Further  evaluation  of  these  acceptable  concentrations  during  the 
endangerment  assessment  portion  of  the  RI/FS  pro'  ss  will  lead  to  the  • 
development  of  the  cleanup  criteria  based  on  the  same  approach  used  to 
calculate  these  acceptable  concentrations. 

In  the  contamination  assessment,  the  39  contaminants  of  concern  to  biota 
were  systematically  evaluated  to  assess  direct  and  Indirect  adverse  effects 
on  biota  and  to  develop  criteria  for  contaminant  concentrations  In  abiotic 
media  (e.g..  soil,  water,  sediment)  that  would  not  be  hazardous  to  biota 
(Figure  5.0-1).  Many  of  the  RMA  contaminants  are  of  concern  because  of 
their  environmental  pcr.slstence  anu  bloaccumulat Ion  potential,  but  other 
contaminants  are  of  concern  because  of  adverse  effects  on  biota  produced  as 
a  result  of  direct  environmental  exposure.  A  toxicity  assessment  approach 
was  used,  whereby  environmental  fate  and  toxicological  information  were 
combined  to  evaluate  the  adverse  effects  of  RMA  contaminants  on  biota  and  to 
determine  contaminant  levels  in  the  abiotic  environment  that  would  have  no 
adverse  effect  on  biota. 

The  "no  effect"  criteria  were  developed  by  assessing  the  toxic  properties  of 
each  contaminant  to  provide  an  evaluation  of  the  effects  of  the  contaminants 
on  wildlife  populations.  Pertinent  regulatory  documents  and  the  general 
literature  were  used  as  sources  of  information  In  the  development  and 
selection  of  approprl-ate  criteria  (o-g.  EPA  Ambient  W.9ter  Quality  Criteria 
(AWQC),  Health  Advisories,  and  Health  Effects  Assessment  D-acuments). 

The  39  contaminants  of  concern  were  divided  Into  seven  "contaminants  of 
major  concern"  and  32  "other  contaminants  of  concern"  on  the  basis  of  the 
criteria  listed  In  Section  3. 2. 2-3.  To  evaluate  the  impact  on  biota  the  32 
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other  contaminants  of  concern  were  analyzed  by  the  toxicity  assessments. 

The  seven  contaminants  of  major  concern  were  subjected  to  a  more  detailed 
examination.  The  32  other  contaminants  of  concern  were  evaluated  In  the  27 
toxicity  assessments  (Section  5.1).  Similar  contamlnantSi  such  as 
metabolites  and  parent  compounds,  were  addressed  In  the  same  toxicity 
assessment.  The  toxicity  assessments  were  Intended  to  provide  brief 
toxicological  profiles  centered  around  health  effect  Information  on  wildlife 
populations.  The  literature  review  covers  the  major  health  effect 
Information  available  for  each  contaminant.  Data  pertaining  to  wildlife 
species  were  emphasized,  and  Information  on  domestic  or  laboratory  animals 
was  used  when  wildlife  data  were  unavailable.  Data  for  oral  exposure  were 
preferred  to  data  for  exposure  by  Injection,  as  exposure  by  this  route  Is 
unrelated  to  In-sltu  exposure.  The  data  were  compiled  primarily  for  later 
use  In  the  endangerment  assessments,  and  will  be  modified  as  the  Phase  II 
data  for  abiotic  media  Indicate  are  appropriate. 

In  the  toxicity  assessments,  toxicity  to  aquatic  organisms  was  addressed  by 
using  EPA  Ambient  Water  Quality  Criteria  (AWQC)  when  available,  and  the 
water  criteria  protective  of  aquatic  life  are  therefore  not  site-specific  as 
for  the  seven  major  contaminants  of  concern.  Toxicity  to  organisms 
consuming  surface  water  or  exposed  to  soils  was  also  addressed.  Food  web 
contamination  was  not  addressed  In  depth  In  the  toxicity  assessments. 

Inhalation  toxicity  data  were  provided  for  background  Information  only. 

The  air  pathway  was  not  evaluated  because  data  from  air  sampling  studies 
Indicate  low  potential  for  adverse  effects  on  biota  via  this  route  of 
exposure,  and  because  there  Is  little  Information  on  the  adverse  effects  on 
biota  in  natural  ecosystems  from  exposure  to  the  contaminants  of  concern  by 
this  route- 

Dermal  exposure  values  were  not  calculated  for  the  toxicity  assessments 
although  dermal  toxicity  data  were  provided  when  available.  Criteria  ware 
not  estimated  because  of  the  uncertainty  In  correlating  dermal  toxicity 
under  laboratory  conditions  (concentrated  solutions,  shaved  skin  of  test 
animals)  with  toxicity  under  field  conditions  (generally  dilute 
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concentrations  mixed  with  soil  or  water,  contact  with  various  body  surfaces 
that  can  be  covered  with  hair  or  are  calloused)* 

Information  from  the  toxicity  assessments  was  used  to  correlate  observed 
adverse  effects  on  biota  with  chemical  content  of  tissues,  as  well  as 
Interpret  contaminant  data  for  biotic  and  abiotic  media  in  the  RMA 
environment.  In  the  evaluation  of  biological  effects,  data  on  contaminant 
concentrations  In  biological  tissues  were  related  to  potential  adverse 
biological  effects  (e.g..  death,  diminished  reproductive  success,  reduced 
population  levels,  etc-)  observed  In  current  biota  assessment  studies,  and 
to  criteria  developed  for  contaminants  In  abiotic  media*  Results  and 
discussion  of  current  adverse  effects  of  RMA  contamination  on  biota  are 
provided  In  Section  5*3* 

For  the  seven  major  contaminants  of  concern  (aldrln/dleldrln.  arsenic.  DBCP. 
endr In/ Isodrin .  and  mercury),  data  were  analyzed  to  determine  site-specific 
criteria  (Section  5*2).  Toxicity  to  aquatic  organisms  and  to  organisms  that 
consume  surface  water  were  addressed  for  the  major  contaminants  of  concern. 
Accumulation  In  food  chains  was  addressed  by  the  Pathway  Analysis*  Pathway 
Analysis  values,  water  quality  criteria  for  aquatic  life  or  surface  water 
consumption  for  terrestrial  organisms,  existing  Applicable  or  Relevant  and 
Appropriate  Requirements  (ARARs).  and  biological  effect  Information  were 
evaluated  to  determine  the  current  effects  on  biota  and  to  provide  a  set  of 
criteria  to  be  used  In  subsequent  quantification  of  biological  risk  In  the 
forthcoming  Onpost  and  Offpost  Endangerment  Assessments* 
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5 . 1  IQXICIlI_ASSESi:M£HIS_QE_CQmAaiHANIS„D£_CDISC££iI 
Toxicity  assessments  were  performed  for  the  32  other  contaminants  of 
concern.  General  Information  on  these  other  contaminants  of  concern  was 
complied  and  systematically  evaluated  to  determine  appropriate  criteria  for 
water  (Figure  5.1-1)  and  soil  (Figure  5.1-2).  Three  evaluation  routes  were 
developed!  depending  on  the  availability  of  Information:  1)  evaluation  of 
EPA  water  quality  guidelines  and  aquatic  life  toxicity  Information!  2) 
evaluation  of  Information  on  toxicity  of  contaminants  to  terrestrial 
organisms  through  the  water  Ingestion  route!  and  3)  review  of  toxicity 
Information  for  organisms  directly  exposed  to  contaminants  In  soil.  For 
each  of  these  evaluation  routesi  the  potential  for  bloaccumulatlon  was  also 
considered ■ 

Aquatic_Lif£_Ccit£ria 

For  aquatic  biota!  water  quality  criteria  were  developed  for  the  other 
contaminants  of  concern  as  data  were  available.  The  Information  was 
evaluated  by  a  hierarchical  approach.  For  example!  when  EPA  Ambient  Hater 
Quality  Criteria  for  the  Protection  of  Freshwater  Aquatic  Organisms  and 
their  Uses  were  available!  these  were  used  as  the  appropriate  water  criteria 
for  a  particular  chemical.  In  the  Instances  where  the  EPA  water  criterion 
for  the  protection  of  aquatic  life  was  based  on  a  Final  Residue  Value  (FRV) 
estimated  from  human  guidelines!  the  Final  Chronic  Value  or  Final  Acute 
Value  (divided  by  10^)  was  used  In  place  of  the  FRV  as  a  criterion  for 
aquatic  organisms  (see  Section  5.1.7).  If  the  EPA  water  criteria  for  the 
protection  of  aquatic  life  were  unavailable!  the  EPA  chronic  Lowest  Observed 
Adverse  Effects  Level  (LOAEL)  was  divided  by  an  uncertainty  factor  of  10  to 
produce  a  water  criterion-  If  chronic  LOAEL  data  were  unavailable!  then  the 
Lowest  Acute  Value  (LAV)  provided  by  EPA  or  In  the  open  literature  was 
divided  by  an  uncertainty  factor  of  10^  to  estimate  a  water  concentration 
criterion.  These  uncertainty  factors  were  also  assumed  to  Incorporate 
uncertainty  due  to  Interspecific  variation. 

In  Instances  where  EPA  data  were  lacking!  published  data  regarding  toxicity 
to  aquatic  organisms  ware  compiled-  The  approach  was  again  hierarchical! 
moving  from  chronic  to  acute  and  applying  the  appropriate  uncertainty 
factors  to  produce  a  criterion  value  (Figure  5-1-1)- 


5-5 


C-RMA-09D/BIORI501.2.3 

5/2/89 


The  water  criterion  can  be  used  to  produce  a  corresponding  sediment  value  if 
it  is  multiplied  by  the  soil-water  partition  coefficient  normalized  for 
organic  carbon  (Kq^)  and  the  fraction  of  organic  carbon  in  the  sediments  at 
RMA  (foe)'  When  the  environmental  fate  of  the  contaminant  is  independent  of 
organic  carboni  the  soil-water  partition  coefficient  (K^j)  is  applied  instead 
of  Kgg  and  fog-  Howeveri  sediment  criteria  were  not  developed  as  part  of 
the  toxicity  assessments  for  the  contaminants  of  concern  because  of  the 
uncertainty  involved  in  the  estimate  due  to  the  limited  data  review. 

Sediment  criteria  were  developed  for  the  major  contaminants  of  concern. 

Sucface_Ha]:eE_lngestiQn_by_Ierrealj:ial_Qrganisms 

Information  on  toxicity  of  contaminants  to  terrestrial  organisms  via  oral 
ingestion  was  evaluated-  By  assuming  that  toxicity  via  oral  ingestion  would 
be  similar  regardless  of  the  carrier,  the  most  sensitive  LOAEL  or  NOEL 
divided  by  both  water  intake  (Table  5-1-1)  and  the  appropriate  uncertainty 
factors  (Table  5.1-2)  were  used  to  estimate  water  criteria  (Figure  S-l-l)* 

Where  both  LOAEL  and  NOEL  values  were  available,  the  NOEL  was  selected  as 
the  preferred  value.  Chronic  data  were  used  in  preference  to  subchronic  or 
acute  values  because  there  is  less  uncertainty  involved  in  the  estimate. 

Inhalatian-Critecla 

Inhalation  toxicity  data  ar'  presented  for  reference  purposes  only.  Air 
contamination  does  not  appear  to  be  a  significant  hazard  to  wildlife 
populations  (ESE,  1988a);  therefore,  air  criteria  were  not  estimated  at  this 
time-  Contaminants  of  major  concern  occurred  in  air  only  in  Sections  26  and 
36  (ESE,  1986a),  and  at  levels  so  low  that  toxic  effects  are  not  expected. 

Sail.CcitsiLia 

Soil  criteria  were  developed  in  each  toxicity  assessment  to  the  extent  that 
appropriate  data  were  available-  Information  on  tonicity  to  biota  through 
direct  exposure  to  soil  were  evaluated  to  identify  the  most  sensitive  LOAEL 
or  NOEL  and  divided  by  the  appropriate  uncertainty  factor  (Figure  5-1-2). 
Where  both  values  were  available,  the  NOEL  was  selected  over  the  LOAEL  in 
the  calculation  of  a  criterion. 
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Table  5-1-1-  Water  and  Food  Intake  Values  for  Birds  and  Mammals  Used  In 
Establishing  Acceptable  Water  Concentrations 


Species 

Daily  H2O  Consumption 
(1/kg  bw/day)* 

Dally  Food  Consumption 
(g/kg  bw/day)* 

Rat  (adult) 

0-125 

75 

Duck  (adult) 

0-200 

100 

Mouse 

0.2 

120 

Rabbit  (adult) 

0-165 

30 

Chicken  (adult) 

0-25 

175 

Dog 

0-05 

25 

Cat 

0-05 

50 

Pig 

0-25 

— 

Mink 

0-07 

— 

*  1/kg  bw/day  «  llters/kllogram  body  welght/day. 
g/kg  bw/day  -  grams/kllogram  body  welght/day- 

Source:  ESE.  1987;  Saxi  1984;  Ringer,  1988- 
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Table  5.1-2.  Uncertainty  Factors  Used  In  Establishing  Acceptable 
Water  Concentrations 


Health  Effects 

Factor  Used  to 
Convert  Effect  to  a 
Chronic  NOEL 

Factor  Applied  for 
Interspecific 
Variation 

Total 

Uncertainty 

Factor 

Chronic  NOEL 

— 

5 

5 

Chronic  LOAEL 

5 

5 

25 

Subchronic  NOEL 

10 

5 

50 

Subchronic  LOAEL 

50 

5 

250 

Acute  NOEL 

100 

5 

500 

Acute  LOAEL I  LD^q 

1.000 

5 

5,000 

Source;  ESEi  1988. 
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CnitECia_fQr_BlQaccuinulati5ie_CQataailnaDis 

In  Instances  where  a  contaminant  In  water  was  known  to  bloaccuaulate  or 
concentrate  In  organisms,  a  FRV  for  water  was  developed  according  to  EPA 
methodology  (Stephan  el  al< ,  1985) •  The  FkV  Is  the  maximum  permissible 
tissue  concentration  (HPTC)  for  a  higher  trophic  level  organism  such  as  a 
raptor  or  a  mallard,  divided  by  the  geometric  mean  bioconcentration  factor 
(BCF)  of  the  prey.  The  MPtC  can  be  expressed  either  as  a  tissue 
concentration,  such  as  an  FDA  action  level,  or  as  a  dietary  concentration 
for  a  sensitive  wildlife  species  (Stephan  el  al.,  1985).  When  the  FRY 
reported  by  EPA  was  based  on  human  guidelines,  the  MPTC  was  replaced  with  a 
value  more  appropriate  for  estimating  criteria  for  wildlife  populations. 

The  FRY  and  water  ingestion  value  for  terrestrial  organisms  were  then 
compared  and  the  lowest  value  identified.  This  value  was  then  compared  to 
the  lowest  value  produced  through  evaluation  of  toxicity  to  aquatic  biota, 
and  the  lower  of  the  two  values  was  selected  as  the  water  criterion. 

Soil  criteria  for  bloaccuaulatlve  contaminants  were  calculated  from  an  FRY 
as  previously  described  for  the  water  ingestion  route.  The  calculation  was 
adapted  for  a  terrestrial  system  by  using  an  ecological  magnification  factor 
(EMF)  in  place  of  a  BCF  in  the  denominator.  The  EMF  relates  residue 
concentration  in  plants  or  soil  fauna  to  residue  concentrations  in  soli. 

The  FRY  was  then  compared  to  soil  criteria  derived  from  direct  toxicity,  and 
the  lower  of  the  two  values  was  then  selected  as  the  soil  criterion. 

The  toxicity  assessments  for  each  of  the  32  other  contaminants  of  concern 
are  presented  In  Sections  5.1.1  through  5.1.27.  Contamln.ants  that  were 
highly  similar  or  metabolites  were  combined  and  addressed  as  a  single  unit. 
The  estimated  "no  effect"  concentrations  In  .abiotic  medl.^  derived  through 
the  toxicity  assessments  are  summarized  in  Table  5.1-3. 


5.1.1  ALLYL  CHLORIDE 

EPA  water  quality  criteria  for  allyl  chloride  were  un.ivr.  I  lable  In  the 
literature  researched. 
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Table  $.1-3.  Acceptable  Concentrations  in  Abiotic  Redia 


Uater  (ppb) 

Soil 

(pp»» 

Contamtndnt 

C?i' 

Surface  Water 
tn^eitior^ 

Fmai  Residue 
Value 

Aquatic 

Life 

ToxiClt^ 

final  Residue 
Value 

Ai iqt  Chlor ide 

MA 

100 

RA 

100 

RA 

RA 

Atratine 

MA 

1  too 

RA 

NA 

0.02 

RA 

Avcodr  tn 

lU 

3.5 

RA 

49 

RA 

NA 

Cadniue 

O.M* 

0.7* 

108 

RA 

RA 

13 

Ch 1  or  dane/Ovych 1 or  dane 

O.IT 

300 

O.M 

RA 

RA 

RA 

Cniorobenatne 

2.$ 

11  000 

RA 

RA 

RA 

RA 

Chloraforn 

•20 

4  400 

RA 

RA 

RA 

RA 

CPItt/CRRSO/CWSOJ 

MA 

1  800 

RA 

RA 

0.97 

RA 

Copper 

6.S* 

42 

140 

RA 

100 

RA 

OOT/OOC 

0.0010 

1 

0.0010 

RA 

RA 

4 

Dicyclopentadiena 

OIRP 

nx 

200 

RA 

100 

100 

RA 

M 

t.SOQ 

NA 

2,570 

15.1 

RA 

ORRC 

RA 

rioo 

RA 

ilO 

RA 

RA 

0 1  tn 1 ane 

RA 

3.3M 

RA 

RA 

RA 

RA 

ttnylbenteoe 

320 

130.000 

RA 

NA 

NA 

NA 

Meptaehior/Meptachlor 

Cpoiidc 

0.0052 

■0 

5.3 

M 

NA 

o.ocs 

Raiathion 

0.1 

12  000 

RA 

RA 

0.025 

NA 

Rethyl  Rsratnion 

RA 

40 

RA 

0.0014 

RA 

NA 

Netbyl  Aiiosphonic  Acid 

NA 

RA 

RA 

1.000 

RA 

RA 

Muitard 

RA 

27 

RA 

RA 

RA 

RA 

N 1 1  r  0^  od  1  <fM>  t  Nj  <  M  <  n  4 

5A 

*4 

RA 

RA 

RA 

RA 

1  A-Ovatbisne 

RA 

4  800 

RA 

RA 

RA 

NA 

P«rath«dn 

0.013 

1.2 

RA 

RA 

RA 

RA 

Po*vch»or  inat«d 

0.014 

C.62 

O.OM 

RA 

RA 

RA 

Tolu^« 

127 

5,200 

RA 

RA 

RA 

RA 

Tr  ichlor  o«trHjl#n« 

2.IM 

17  800 

RA 

RA 

RA 

RA 

•yiene 

RA 

18.200 

RA 

12 

RA 

RA 

KA  •  Not  Aval labie. 

•  Hardness  dependent  criteria 


Soia-ca;  tSt,  l$«. 


5-  I  2 


C-RMA-C9D/BIORI501 .2.13 
5/3/89 


5 . 1 . 1 . 1  Aquallc-EcQs^sreos 

Aquatic  toxicity  data  are  available  as  a  TLai96  (concentration  lethal  to  50 
percent  of  the  organisms  for  a  96-hour  (h)  exposure  expressed  as  a  range  due 
to  the  variety  of  test  methodology  and  organisms).  The  TLm96  Is  10  to 
100  ppm  (SaXi  1934).  The  aqueous  solubility  of  allyl  chloride  Is  1.000 
mg/ll  and  It  decays  by  hydrolysis  with  a  half-life  of  6.9  days  at  25  degrees 
centigrade  (°C). 

5. 1.1. 2  ler CCS icial^Ecosy stems 

The  acute  oral  LOsq  for  rats  Is  64  mg/kg  (NIOSH.  1984).  The  values  for 

rats  and  mice  for  Inhalation  are  290  ppm  for  an  8-h  and  153  g/m^  for  a 
10  minute  (min)  exposure  (HIOSH.  1984).  Reproductive  effects  occur  In  rats 
exposed  by  Inhalation  to  300  ppm  for  7  h  on  days  6  to  15  of  pregnancy 
(NIOSH,  1984).  The  LDjq  for  rabbits  for  dermal  exposure  Is  2.066  rag/kg.  and 
skin  Is  Irritated  by  exposure  to  10  mg  for  24  h  (NIOSH,  1964). 

5 . 1 . 1 ■ 3  Quantil icatioo-Ql.Iaxlc.Iliecta 

Wo  srlterla  are  ostabllshedi  therefore,  an  acceptable  water  concentration 
was  estimated  by  dividing  the  TLa96  range  by  a  factor  of  10^  to  bring  the 
LC5Q  Into  the  range  of  NOEL.  The  estimated  acceptable  water  concentration 
protective  of  aquatic  organlsm.s  thus  ranges  from  0.1  to  1  ppm  (100  to 
1,000  parts  per  billion  (ppb).  To  be  conservative,  the  low  end  of  the 
range,  100  ppb.  Is  used  to  estimate  an  acceptable  water  concentration  for 
aquatic  biota. 

For  terrestrial  biota  consuming  surface  water,  the  lowest  health  effects 
level  Is  the  LD5Q  for  rats.  Ry  using  the  LDjq  for  rats  and  a  water 
consumption  rate  for  rats  of  0.125  liters  per  kilogram  body  weight  per  day 
(1/kg  bw/day),  the  estimated  acceptable  water  Intake  concentration  becomes; 

_ NOEL _  "  _64-iSB/kg_bv/day_  -  512  mg/1 

Water  Intake  0.125  1/kg  bw/day 

Uncertainty  factors  of  1,000  to  bring  the  LD50  Into  the  range  of  a  NOEL  and 
of  5  for  Interspecific  variation  were  applied  to  yield  an  sstlm.ated 
acceptable  water  concentration  of  0.10  «g/l  (100  ppb). 
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There  is  no  Indication  that  allyl  chloride  bloaccutgulates ;  therefore)  a 
Final  Residue  Value  was  not  calculated*  A  suisraary  of  the  estimated 
acceptable  water  concentrations  (ppb)  for  all/1  chloride  is  as  follows: 

EPA  Surface  Water  Final  Residue  Aquatic 

_ IngEslion _ 3/alutt _ Liie — 

NA  100  NA  100 

The  criterion)  100  ppb,  la  used  to  estimate  an  acceptable  water 
concentration  of  all/1  chloride  that  will  be  protective  of  all  wildlife 
populations  at  RMA.  Due  to  the  lack  of  data)  this  estimate  Is  hlghl/ 
uncertain* 

Data  were  Insufficient  to  calculate  soil  criteria* 

5*1*2  ATRAZINE 

EPA  water  quality  criteria  have  not  been  established  for  atrazlnc)  and  the 
EPA  Health  /dvisory  for  atrazine  had  been  withdrawn  at  the  time  this  Biota 
RI  was  in  progress*  Tolerance  levels  for  various  agricultural  products  have 
been  established  by  the  EPA  (1986b)*  In  meat  and  meat  by-products  the 
tolerance  level  Is  0*2  ppm*  In  various  animal  fodders  the  tolerance  level 
is  IS  ppm*  The  half-life  of  atrazine  in  soils  ranges  from  36  to  167  days 
depending  on  soil  specific  parameters  such  as  water  holding  capacity  (Hurle 
and  Klbleri  1976i  Warnock  and  Lear/)  1978)*  A  longer  soil  half-life  of 
three  years  has  been  indicated  for  atrazine  In  irrigation  ditches  (Smith  eJt 
ai* I  1975)*  The  aqueous  solubility  of  atrazine  is  33  mg/1  at  25°C,  and  it 
decays  by  hydrolysis  with  a  half-life  in  water  of  2*5  hours  at  pH  7  and 

250c* 

5* 1*2*1  Aquatic-EcQsys terns 
Plants 

Algal  bloassays  performed  in  natural  water  indicate  a  21-day  for  growth 

reduction  of  *110  ppb)  and  a  96-h  EC50  (or  inhibition  of  photosynthesis  of 
85/i  ppb  (Turbak  at  al*  )  1986)*  In  studies  with  four  species  of  submerged 
estuarine  oacrophytaS)  the  average  2-h  EC5Q  was  95  ppb  (Jones  and  Wlnchcll) 
193^)))  although  toxicity  to  freshwater  macrophytes  might  differ* 


S-U 


Inyerlebcaies 

Cunkel  and  Strelt  (19d0)  used  a  mollusc  (Anc^lus  lluyiatilis)  to  study  the 
effects  of  uptake  of  atrazlne  from  water  and  food-  One  group  of  oollusks 
was  fed  contaminated  food<  and  the  other  group  was  starved  but  placed  In 
contaminated  water-  Both  groups  reached  equilibrium  In  12  to  24  hours  and 
exhibited  concentration  factors  that  were  not  significantly  different.  The 
bloconcentratlon  factor  for  A-  iluylaiilis  was  2-6. 

Eish 

Fish  (Corcgnnus  feral  exposed  to  atrazlne  equilibrate  with  the  surrounding 
water  within  50-9  minutes  (Cunkel  and  Strelt<  1980)-  The  highest 
accumulation  rates  occur  In  organs  with  high  blood  circulation  such  as 
llveri  bralnt  gllls«  Intestine  and  gall  bladder,  with  concentration  factors 
for  these  organs  of  9-1,  3-3.  3-8,  5-2-9. 3,  and  48-5,  respectively  (Cunkel 
and  Strelt,  1980). 

5- 1-2-2  Ieci:es£.ciaI_IcQsyat.eoa 
Claata 

Atrazlne  Is  toxic  to  grassy  weeds  and  annual  broadleaf  weeds  (Slrons  ai  al- , 
1973).  causing  Inhibition  of  photosynthesis  (Shlmabukuro  and  Swanson,  1969). 
Twelve  months  following  application  of  3  Ib/A  active  Ingredient,  soli 
residues  were  about  0-2  ppm  parent  compound,  and  about  0-05  ppm  decthylated 
atrazlne  (phytotoxic  metabolite)  (Slrons  et  al- >  1973).  Crop  growth  In 
these  soils  was  40  percent  that  observed  In  control  fields- 

Pea  plants  exposed  to  10"^  Molar  (M)  atrazlne  In  nutrient  solution  exhibited 
little  phytotoxic Ity  at  19  days,  whereas  plants  exposed  to  10“^M  atrazlne 
were  stunted  and  Hghly  chlorotic  (Shlmbukuro,  1967).  Oat  plants  wore  more 
susceptible  than  pea  plants  exposed  to  a  IQ-^M  solution!  oat  plants  died  In 
7  days,  whereas  pea  plants  died  In  21  days  (Shlmabukuro.  1967). 

Invcrlebcafca 

A  diet  containing  0-01  percent  atrazlne  (100  ppm)  fed  to  larvae  of 
BcQSopMla  tsfiiacQsastec  caused  a  significant  Increase  In  dominant  and  sex- 
linked  recessive  lathal  mutations  (Murnlk  and  Mash.  1977). 
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Birds 

The  L05(}  values  for  mallard  and  ring-necked  pheasant  exceed  2,000  mg/kg  bw 
(Hudson,  el  al.,  1984). 

Uammals 

Atrazine  Is  re  dlly  absorbed  from  the  mammalian  gastrointestinal  tract 
(EPA,  1987a).  After  72  hours,  15.8  percent  was  retained  In  the  tissues  of 
rats  from  a  single  dose  of  0.53  mg  by  oral  gavage;  highest  residues  were  In 
liver,  kidney,  and  lung,  as  compared  to  muscle  and  fat  (Bakke,  el  al. , 

1972).  Oral  IDso  values  for  rats  and  mice  are  3,000  and  1,750  mg/kg  bw, 
respectively  (Bashmurln.  1974).  Health  effects  In  rats  include  pulmonary 
edema,  cardiac  dilation,  and  microscopic  hesiorrhages  In  liver  and  spleen 
(Molnar,  1971).  The  LD50  ®  dermal  exposure  In  rabbits  Is  7,550  mg/kg  bw 
(Frear,  1969). 

Two  orally  administered  doses  of  250  mg/kg  bw  were  lethal  to  sheep  and  dairy 
cattle,  causing  degeneration  and  discoloration  of  adrenal  glands  and 
congestion  In  lungs,  liver,  and  kidney  (Palmer  and  Radeleff,  1964).  Ten 
oral  doses  as  low  as  500  mg/kg  bw  to  pregnant  rats  on  days  6  to  15  of 
gestation  caused  an  Increase  In  the  number  of  embryonic  and  fetal  deaths, 
decreased  fetal  weight,  and  retarded  skeletal  growth  (Clba-Celgy,  1971). 

Chronic  exposures  to  atrazine  at  levels  as  high  as  l.OOO  ppm  In  diet 
(estimated  to  be  75  mg/kg  bw/day  (Sax,  1984))  caused  no  observed  effects  In 
rats-  Ho  effects  on  maternal  health  or  fetotoxlclty  were  observed  for  rats 
or  rabbits  dosed  with  5  mg/kg  bw/day  (Woodard  Research  Corporation,  1966), 
and  1  mg/kg  bw/day,  respectively  (Clba-Celgy,  1984).  In  a  2-year  study  with 
dogs,  a  no  effect  level  of  0.35  mg/kg  bw/day  was  estimated  (Woodard  Research 
Corporation,  1964).  The  lowest  concentration  of  atrazine  that  caused 
adverse  effects  In  sheep  or  cows,  fed  10  doses,  was  5  and  25  mg/kg  bw/day, 
respectively;  the  NOEL  for  cows  was  10  mg/kg  bw/day  (Palmer  and  Radeleff, 
1964).  The  toxic  effects  In  sheep  and  cows  Included  muscular  spasms, 
stilted  gait,  and  anorexia. 
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5  •  1 . 2 . 3  Quantifi£:aI.iQn_Q£_lQJ£ic_£f  feels 

EPA  water  quality  criteria  are  unavallablei  and  the  toxicity  of  atrazlne  to 
aquatic  biota  could  not  be  quantified  due  to  lack  of  appropriate 
Information. 

For  terrestrial  biota  consuming  surface  water,  the  lowest  atrazlne 
concentration  correlating  with  health  effects  was  a  chronic  NOEl  of  0.35 
mg/kg  bw/day  for  dogs.  By  using  the  NOEL  and  the  estimated  water 
consumption  for  dogs,  an  acceptable  water  concentration  is  derived  as 
follows: 

_ HQEL _ -  0j.35_mgZkg_b«Zday _ -  7  mg /I 

Water  Intake  0.05  1/kg  bw/day 

This  value  Is  divided  by  an  uncertainty  factor  of  5  for  interspecific 
variation  to  yield  an  acceptable  water  concentration  of  1.4  mg/1 
(1,400  ppb). 

Because  atrazlne  does  not  appear  to  bloaccumulate  to  a  significant  extent,  a 
Final  Residue  value  was  not  calculated- 

A  summary  of  the  estimated  acceptable  water  concentrations  (ppb)  for 
atrazlne  Is  as  follows; 

EPA  Surface  Water  Final  Residue  Aquatic 

_ Icgfistion _ Kalue _ Life _ 

NA  1,400  NA  NA 

The  only  estimated  criterion,  1,400  ppb.  Is  used  as  the  acceptable  water 
concentration  that  will  be  protective  of  all  wildlife  populations  at  RMA- 
Owing  to  the  lack  of  data,  this  estimate  Is  highly  uncertain. 

Plant  growth  was  reduced  to  40*  of  that  observed  In  controls  in  soils 
containing  0-2  ppm  atrazlne-  Applying  an  uncertainty  factor  of  10  yields  a 
soil  criteria  for  atrazlne  of  0-02  ppm- 
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5.1.3  AZODRIN  ( MONOCROTOPHOS ) 

EPA  water  quality  criteria  are  unavailable  for  azodrln.  Azodrln  Is  a 
systemic  Insecticide  with  an  aqueous  solubility  of  81IOO  og/1  at  25®C. 
Trlmethyl  phosphate  (TMP).  a  known  mutagen.  Is  a  minor  contaminant  In  the 
processing  of  azodrln  (EPA,  1985h).  tHc  EPA  (1985h)  states  that  azodrln  Is 
extremely  toxic  to  wildlife  and  aquatic  Invertebrates,  with  the  primary 
toxicological  concern  being  cholinesterase  Inhibition.  For  mature  orange 
trees  sprayed  at  a  rate  of  1  Ib/acre  and  10  Ib/acre,  residue  half-life  was 
found  to  be  13  and  16  days,  respectively  (Westlake  et  al. ,  1970) 

5 . 1 . 3 . 1  Aquaric-IcQsyaJieiaa 
Plants 

No  Information  was  available  In  the  literature  reviewed  on  azodrln. 

Invertebrates 

The  96-hr  LCsq  for  Gammarus  fasclatus  is  0.3  ppm  (Johnson  and  Finley,  1980). 

Eiah 

The  96-hr  LC50  values  for  fathead  minnow,  blueglll,  rainbow  trout,  and 
channel  catfish  are  >50,  12.1,  5.2,  and  4.93  ppm,  respectively  (Johnson  and 
Finley,  1980). 

5. 1.3. 2  lerrestrlal-IcQsysteas 
Slants 

No  Information  was  available  In  the  literature  reviewed  on  azodrln. 

Invertebrates 

No  Information  was  available  In  the  literature  reviewed  on  azodrln. 

Birds 

Hudson  fit  al-  (1984)  reported  IDjq  values  of  0.188  mg/kg  bw  for  the  golden 
eagle  (Aqulla  cbrysaetos);  however,  only  six  birds  were  used  and  sex  was  not 
specified.  The  value  represents  an  acute  lethal  dose,  but  Is  not 
technically  an  1050-  Signs  of  Intoxication  Included  fluffed  feathers, 
closed  eyes,  ataxia,  lacrlmatlon,  salivation,  polydipsia,  dyspnea,  tracheal 
congestion,  defecation,  mydriasis,  hyperactive  nictitating  membrane. 
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tremors,  wing-beat  convulsions,  tetany  or  opisthotonos-  Cross  necropsies 
revealed  endocardial  and  gastrointestinal  hemorrhaging.  Toxicity  studies 
Indicate  a  30-day  LOAEL  In  mallards  of  0-25  mg/kg  bw/day  (Hudson  ei  al-j 
198A). 

In  a  behavioral  study  by  Kreltzar  and  Fleming  (1988),  adult  male  northern 
bobwhlte  (Colinua  yicginianus)  fed  0-18  ppm  azodrln  In  diet  exhibited 
significantly  more  errors  than  controls  In  acquisition  and  reversal  of  a 
learned  response.  Brain  AChE  levels  were  decreased  below  the  critical  AO  to 
60  percent  within  7  days  of  treatment  with  the  azodrln  diet. 

Uammals 

The  oral  LD50  In  the  rat  and  mouse  ranges  from  5-7  to  17  mg/kg  bw  In  a  water 
formulation  (Brown  ei  al- ,  1970;  ACCIH,  1986),  and  10  to  23  mg/kg  bw  In  an 
oil  formulation  (ACCIH,  1986)-  I-D5Q  values  for  mule  deer  and  domestic  goat 
are  37-5  and  35  mg/kg  bw,  respectively  (Hudson  ei  al-,  198A).  Signs  of 
Intoxication  Included  ataxia,  miosis,  hyporeactlvlty,  constant  quivering. 
Immobility,  tracheal  congestion,  tachypnea,  dyspnea,  and  phonatlon- 
Mortalities  usually  occurred  one  to  six  hours  after  treatment. 

In  studies  by  Johnston  (1966)  and  Johnston  (1967a),  rats  given  a 
concentration  of  100  ppm  azodrln  orally  for  two  years  were  relatively 
unaffected  based  on  survival  and  general  health-  Treated  rats  did  not  gain 
as  much  weight  as  controls,  but  there  were  no  significant  findings  post 
mortem-  Plasma  and  erythrocyte  cholinesterase  were  unaffected  at  1  ppm,  but 
were  significantly  decreased  at  10  ppm-  Brain  cholinesterase  levels  were 
also  decreased  at  the  10  ppm  dose  level.  In  a  2-year  study  with  beagles 
(Johnston,  1966;  Johnston,  1967b),  cholinesterase  levels  were  not  affected 
at  a  dietary  concentration  of  1-6  ppm  azodrln,  but  were  severely  reduced  at 
the  next  higher  concentration  of  16  ppm-  The  EPA  (1985h)  has  established  a 
NOEL  of  0-03  ppm  (an  estimated  0-0022  mg/kg  bw/day  (Sax,  19aA))  for 
cholinesterase  Inhibition  based  on  a  chronic  rat  feeding  study  that  showed 
minor  depressive  trends  In  AChE  at  dose  levels  of  0-09  ppm-  Metabolism 
studies  Indicate  that  azodrln  is  excreted  rapidly  and  does  not  appear  to 
accumulate  In  the  body  (ACCIH,  1986)- 
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5 . 1 . 3 . 3  Quantification-Qf _lQXicQlQgical_Ef f fids 

EPA  criteria  are  unavailable  for  azodrln;  therefore,  criteria  for  aquatic 
biota  were  estimated  using  the  96-h  LC50  for  the  most  sensitive  species 
tested,  the  channel  catfish.  The  LC50  was  A. 93  ppm,  and  an  uncertainty 
factor  of  10^  was  applied  to  yield  an  acceptable  water  concentration  of 
0.0A9  ppm 
(A9  ppb). 

The  acceptable  surface  water  concentration  was  derived  using  the  chronic 

!<OEI.  for  rats  and  the  water  consumption  rate  for  rats  of  0.125  1  as  follows; 

_ UQEL _ -  QjJlQ22_mgZkg_hHZday  -  0.018  mg/1 

Water  Intake  0-125  1/kg  bw/day 

An  uncertainty  factor  of  5  for  was  applied  for  interspecific  variation  to 
yield  an  acceptable  water  concentration  of  0.0035  mg/1  (3-5  ppb). 

Because  there  was  no  Indication  In  the  available  literature  that  azodrln 
bloaccumulates ,  a  Final  Residue  Value  was  not  calculated. 

A  summary  of  the  acceptable  water  concentrations  (ppb)  for  azodrln  Is  as 
follows; 

EPA  Surface  Water  Final  Residue  Aquatic 

-  - Ingestion _  _ Value _  _ life _ 

NA  3.5  NA  49 

The  lower  of  the  estimated  criteria,  3-5  ppb,  Is  used  to  represent  the 
acceptable  water  concentration  that  will  be  protective  of  all  wildlife 
populations  at  RMA- 

Soil  criteria  for  azodrln  could  not  be  established  at  this  time  due  to  lack 
of  data- 

5.1.4  CADMIUM 

Cadmium  toxicity  decreases  as  hardness  Increases-  The  formulas  for  deriving  water 
quality  criteria  for  the  protection  of  aquatic  life  are 

3-828)  33  3  2-h  average  (In  ppb),  and  ‘  as  a  4-day 
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average  (in  ppb)  (EPAi  1985b).  For  example,  at  hardness  levels  of  50,  100  and 
200  ppm  CaC03,  acute  criteria  are  1.8,  3.9  and  8.6  ppb,  respectively  (EPA,  1986c). 
Chronic  toxicity  criteria  at  the  above  hardness  levels  are  0.66,  1.1  and  2.0  ppb, 
respectively  (EPA,  1986c).  Levels  of  cadmium  In  waters  from  mixed  Industrial  areas 
area  as  high  as  0.A5  ppb,  whereas  in  remote  streams  levels  can  be  as  high  as  0.1 
ppb  (Moore  and  Ramamoorthy,  198^).  Levels  of  cadmium  in  various  U-S.  soils  range 
from  O.Al  to  0.57  ppm  (Kabata-Pendias  and  Pendias,  198A). 

5 . 1 . A • 1  Aquatic-EcQsystfims 

Plaiits 

The  96-h  EC5Q  values  for  aquatic  plants  range  from  105  ppb  in  the  green  alga 
Chlotfilla  saccharophila  to  A80  ppb  in  the  diatom  ILLtzschia  costerium 
(Rachlin  el  al- ,  198A,  1982).  A  96-h  EC50  of  3,700  ppb  is  observed  for 
Chlorella  vulgaris  at  a  hardness  of  50  ppm  CaC03  (Canton  and  Sloof,  1982). 

Levels  as  low  as  5  ppb  cadmium  produce  a  significant  reduction  in  algae  at 
hardness  levels  of  11.1  ppm  CaC03  (Glesy  ei  ai. ,  1979).  At  10  ppb  cadmium, 
growth  reduction  was  observed  in  a  fern  (Saivlna  nalans)  and  duckweed  (Lfimna 
valdiviana)  (Hutchinson  and  Czyrska,  1972). 

Bloconcentratlon  factors  in  S-  nalans  and  L.  valdiviana  are  960  and  603, 
respectively,  for  a  21-day  exposure  to  Cd(N03)2  (Hutchinson  and  Czyrska, 

1972).  Attached  microscopic  aquatic  plants  and  animals  concentrated  cadmium 
by  factors  of  580  to  720  in  a  365-day  exposure  to  CdCl2  (Clesy  el  al-, 

1979). 

Inyetlabtales 

The  A8-h  LC50  for  a  tubificld  worm  (lubifex  tuhiffix)  is  320,000  ppb  as  CdCl2 
at  a  hardness  of  22A  ppm  CaC03  (Qureshl  el  al.,  1980).  The  72-h  LC50  for  a 
copepod,  AcanlhDcyclops  viridis.  is  0.5  ppb  as  CdSO^,  (Braginsky  and 
Scherban,  1978).  EC50  values  for  Q.  magna  range  from  5  ppb  as  CdCl2  (Attar 
and  Maly,  1982)  to  160  ppb  as  Cd(N03)2  (Bellavere  and  Gorbl,  1981). 

Reduced  survival  occurs  at  levels  as  low  as  0-2  ppb  cadmium  in  the 
cladoceran  Moina  nacrncopa  (Hatakeyama  and  Yasuno,  1981),  and  reduced 
reproduction  is  observed  at  0.17  to  1  ppb  cadmium  in  Daphnia  pules 
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(Bleslnger  and  Christensen,  1972;  Bertram  and  Hart,  1979).  Levels  of 
cadmium  below  5  ppb  are  toxic  to  worms  and  copepods  (Cles/  eJ:  al*,  1979), 
and  crayfish  (Thorpe  eX  al-,  1979). 

Bloconcentratlon  factors  for  CdCl2  range  from  164  for  the  beetle  Dxtiscidaa 
sp.  (Glesy  el  al-.  1979)  to  4,190  for  the  caddlsfly,  Hydropsyche  sp-  (Spehar 
el  al.,  1978). 

Elsb 

Cadmium  levels  of  0-2  ppb  reduce  survival  In  rainbow  trout  (Salmo 
galcdlneil)  (Blrge,  el  al- ,  1981).  Levels  of  0-7  to  1-0  ppb  cadmium  are 
lethal  to  10  percent  of  a  population  (LCiq)  of  rainbow  trout  (Chapman, 

1978):  LC5Q  values  for  rainbow  trout  for  various  compounds  are  less  than  7 
ppb  (Kumada  el  al- ,  1980,  1973;  Chapman  and  Stevens,  1978).  In  fathead 
minnows  (Elmephales  promelas),  LC5Q  values  range  from  40-9  ppb  (Spehar, 

1982)  to  2,200  ppb  Cd  (Sloof  el  al-,  1983). 

Whole  body  concentration  factors  of  33  to  540  have  been  observed  for  rainbow 
trout  (Kumada  el  al- ,  1973,  1980).  Bloconcentratlon  factors  of  1,900  and 
2,200  are  reported  In  mosquito  fish  (Gamhusia  af finis)  (Glesy  el  al-,  1979). 

5 . 1  -  4 . 2  leEtaalilal_£cQsyateaia 
Elaols 

Plants  grown  near  zinc  smelters  In  soil  contaminated  with  cadmium  levels  as 
high  as  710  ppm  concentrated  cadmium  by  factors  of  8-1  In  leaves  and  1-2  In 
berries  (Beyer  el  al- ,  1985).  Plants  grown  on  cadmium  contaminated  soil 
containing  1.11  ppm  and  Irrigated  with  wastewater  containing  280  ppb 
accumulated  cadmium  levels  up  to  6-4  times  higher  than  controls 
(Shar latpanahl  and  Anderson,  1986).  Toxic  effects  on  plants  were  not 
observed  In  these  studles- 

Inyeriebcalsa 

Cadmium  Is  highly  mobile  within  the  Invertebrate  food  web  and  shows 
significant  accumulation  In  Invertebrates  from  a  wide  range  of  taxonomic 
groups  (Hunter  el.  al-,  1987a).  Seasonal  patterns  of  accumulation  closely 
follow  seasonal  trends  in  metal  contamination  levels  In  the  Indigenous 
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vegetation  (Hunter  et  al-i  1987b).  Beyer  et  al-  (1985)  detertjlned  that 
detritus  feeders  and  their  predators  are  most  likely  to  have  high  cadmium 
concentrations.  Van  Hook  (1974)  found  concentration  factors  Ir.  earthworms 
ranging  from  11.6  to  22.5  on  a  dry  weight  basis.  Concentration  factors  of 
33  were  found  In  earthworms  from  soil  treated  with  sewage  sludge  (Anderson i 
1979).  Earthworms  exposed  to  5  ppm  cadmium  for  26  days  were  found  to 
concentrate  cadmium  by  factors  of  86-4  (Lunhricus  cubellus)  and  84.6 
( AllolQbaphora  cailginosa)  on  a  dry  weight  basis  (Ireland  and  Richards. 
1981). 

Birds 

Concentrations  of  0-08  (control).  1.6.  15.2.  or  210  ppm  CdCl2  In  the  diet  of 
mallard  ducks  for  up  to  90  days  had  no  significant  effect  on  body  weight, 
mortality,  hematocrit,  or  hemoglobin  levels  (White  and  Finley.  1978). 

Testes  of  males  In  all  treated  groups  weighed  less  than  controls-  At  the 
highest  dose  level,  kidney  weights  and  egg  production  by  females  were  lower 
than  controls.  The  estimated  total  dally  cadmium  Intake  (based  on  an 
average  body  weight  of  1,153  g  and  dally  food  Intake  of  110  g)  for  the 
control,  1-6,  15.2,  and  210  ppm  treatment  group  was  0-0076,  0-15,  1-4,  and 
20-0  mg/kg  bw/day,  respectively. 

In  another  study  with  mallard  ducks,  cadmium  levels  of  50  ppm  In  the  diet 
enhanced  lipid  mobilization  during  food  restriction  (D1  Glullo  and  Scanlon, 
1985),  and  Increased  adrenal  corticosterone  concentrations,  which  suggested 
Increased  gluconeogenesis .  Food  restricted  ducks  weighed  an  average  of 
1,000  g  over  a  42  day  test  period  and  received  60  g  of  cadmium  contaminated 
ration  dally.  Total  dally  cadmium  Intake  was  estimated  to  be  approximately 
3  mg/kg  bw/day. 

Mammals 

In  Immature  voles  (MicEQtus  pennaylvanicua) ,  diets  containing  1-09  to 
2.76  ppm  resulted  In  liver  concentrations  of  0-26  to  2-13  mg/kg,  and  kidney 
concentrations  of  0-42  to  3-69  mg/kg  (Williams  et  al-,  1978).  Vole  body 
weight  was  14  g  at  the  start  of  the  test,  and  Increased  by  approximately 
0-33  g  dally  for  40  days,  resulting  In  an  estimated  final  weight  of  27  g. 
Maximum  dally  cadmium  Intake  from  the  1-09  ppm  diet  was  5.76  ug,  and  Intake 
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frcn  the  2<76  ppia  diet  was  16-67  ug  (from  a  final  body  weight  of  27  gt  dally 
Intake  becomes  0-21  to  0-62  mg/kg  bw/day)  resulted  In  kidney  concentrations 
of  3-69  mg/kg.  No  adverse  effects  were  observed  for  the  AO  day  study.  The 
estimated  concentration  factors  (N>8)  for  liver  and  kidney  were  0.33  and 
0.62i  respectively. 

Insectivorous  mammals  accumulate  higher  cadmium  concentrations  than 
herbivorous  mammals  (Andrews  el  al- i  198A).  In  the  common  shrew  (Sacex 
araneus)i  dietary  levels  of  23.2  ppm  resulted  In  liver  and  kidney 
concentrations  of  234  and  158  ppm  (concentration  factors  of  10.1  and  6.8)  j 
respectively.  No  adverse  health  affects  were  reported.  The  shrew  consumes 
an  amount  approximately  equivalent  to  75  percent  of  Its  body  weight  dallyi 
and  150  percent  of  Its  body  weight  during  lactation  (Andrews  al  al. i  1984). 
Shrews  weigh  approximately  6  g  (Palmer  and  Fowler.  1975);  therefore,  an 
estimate  of  cadmium  Intake  of  17.4  mg/kg  bw/day  for  nonlactatlng  and 
34.8  mg/kg  bw/day  for  lactatlng  animals  can  be  obtained.  The  concentrations 
observed  In  kidney  (158  ppm)  at  exposures  of  23-2  ppm  are  less  than  the 
200  ppm  critical  level  for  human  kidney  (Hammond  and  Bellies.  1980). 

5 . 1 . 4 . 3  QuanUXlcaliaa-Ql-Ioxic-fflecfs 

The  EPA  criteria  for  the  protection  of  aquatic  organisms  and  their  uses 
represent  acceptable  water  concentrations  of  cadmium  for  aquatic  life. 

Subchronic  dietary  levels  of  0.08  ppm  (0.0076  mg/kg  bw/day)  for  mallards,  or 
1.09  to  2-76  ppm  (0-21  to  0-62  mg/kg  bw/day)  for  mammals,  resulted  In  no 
observed  effects-  Since  the  subchronic  LOAEL  for  mallard  (1-6  ppm  or 
0.15  mg/kg  bw/day)  Is  lower  than  the  NOEL  for  mammals,  the  mallard  Is 
selected  as  the  most  sensitive  species-  The  acceptable  water  concentration 
based  on  surface  water  Ingestion  Is  obtained  by  using  the  NOEL  and  the  water 
Intake  for  mallard  ducks  as  follows: 

_ NOEL _  -  QiQQIfi_iDg/kg_b«Zday  -  0-038  mg/1 

Water  Intake  0-200  1/kg  bw/day 

This  value  Is  divided  by  an  uncertainty  factor  of  1C  to  bring  the  subchronic 
NOEL  Into  the  range  of  a  chronic  NOEL  and  5  for  Interspecific  variation,  to 
yield  an  acceptable  water  concentration  of  0-00076  mg/1  (0-76  ppb). 


5-24 


5/2/89 


A  Final  Residue  Value  has  been  calculated  by  EPA  based  on  a  dietary  level 
for  mallard  ducks  of  200  ppm  and  a  mean  BCF  for  mallard  prey  items  of  64d-6 
(£PA>  1985b}.  A  summary  of  the  acceptable  water  concentrations  (ppb)  of 
cadmium  is  as  follows: 

EPA  Surface  Water  Final  Residue  Aquatic 

_  _InRestiun _ Value _  _ llie_ 

0.66  0.76  308  NA 

The  lowest  of  the  estimated  criteria.  0-66  ppb  cadmium,  is  based  on  a 

hardness  of  50  ppm  CaC03.  and  will  vary  as  hardness  changes-  Because  . 

toxicity  to  aquatic  organisms  is  hardness  dependent,  the  subchronic 

criterion  for  surface  water  ingestion.  0-76  ppb.  is  used  to  estimate  an 

acceptable  water  concentration  protective  of  all  wildlife  populations  at 

RMA. 

Soil  criteria  were  estimated  by  using  a  Final  Residue  Value  calculation  as 
described  by  EPA  for  bloaccunulat Ive  contaminants  In  aquatic  ecosystems. 

The  dietary  concentration  in  small  mammals  that  resulted  in  no  observed 
effects  was  23.2  ppm  for  shrews-  Terrestrial  invertebrates,  represented  by 
earthworms,  concentrate  cadmium  residues  by  factors  of  11-6  to  86.A 
(geometric  mean  of  36.  N  «  5)  on  a  dry  weight  basis-  By  assuming  that 
earthworms  are  95  percent  water  (Beyer  et  ai-.  1987).  a  geometric  mean 
concentration  factor  on  a  wet  weight  basis  Is  1-8  (fi  -  5)-  The  Final 
Residue  Value  is  calculated  as  follows: 

_ bPIC _ •  23j.2_ppa  -  13  ppm 

BAF  1-8 

The  acceptable  soil  criterion  for  cadmium  based  on  bloaccumulat ion  In  a 
terrestrial  ecosystem  Is  13  ppm-  This  level  will  probably  be  protective  of 
bird  populations  as  well,  as  only  minor  effects  on  mallard  ducks  were 
observed  when  birds  were  fed  dietary  concentrations  of  1-6  and  15-2  ppm- 
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5.1.5  CHLORDANE/OXYCHLORDANE 

The  criterion  for  the  protection  of  aquatic  life  Is  O.OOA3  ppb  as  a  24-h 
average!  not  to  exceed  2-4  ppb  at  any  tlae  (EPAi  1986c).  The  Final  Chronic 
Value  Is  0.17  ppb  (EPA,  1980aa).  Chlordane  Is  very  persistent  In  the 
aquatic  environment!  In  river  water  In  which  chlordane  was  applied.  65 
percent  remained  after  8  weeks  ( Elchelberger  and  Llchtenberg.  1971). 

Another  study  Indicated  that  the  half-life  of  chlordane  In  water  Is  28-33  h 
(Atlas  e£  al..  1932).  The  half-life  of  chlordane  In  soil  Is  several  years 
(Sanborn  et  al. .  1977),  and  the  half-llfe  In  biological  tissue  Is  23  days 
(Barnett  and  Oorough,  1974).  Oxychiordane  Is  evaluated  with  chlordane 
because  It  Is  a  persistant  metabolite,  more  toxic  than  the  parent  compound, 
that  can  be  formed  by  metabolism  of  several  of  the  chlordane  compounds 
(Stlckel  Bt  ai.,  1983).  The  solubility  of  chlordane  Is  1.85  mg/1  at  25°C. 

5. 1-5.1  Aquatic.Ecoaystems 
Elaata 

Little  Information  on  the  effects  of  chlordane  on  aquatic  plants  was  found. 

A  study  by  Clooschenko  and  Lott  (1977).  Indicated  that  a  concentration  of 
0.1  ppb  stimulated  growth  In  freshwater  algae.  A  bloconcentrat ion  factor  of 
5,560  (dry  weight  basis)  has  been  observed  for  algae  (Moore  et  al- ,  1977). 

The  bloconcent rat  Ion  factor  can  be  converted  to  a  wet  weight  basis  of  1.900 
by  assuming  that  algae  are  approximately  65.7  percent  water  (Isensee  6t  ai-, 
1973).  Other  data  Indicate  that  a  conversion  factor  of  O.l  should  be  used 
for  plankton  (Stephan  eL  ai- .  I985)i  thus,  reducing  the  BCF  to  556. 

InveclGbcaLes 

The  96-h  1050.’  for  Gamnarua  fasclatua  and  Eteconarcya  sp-  are  40  and  20  ppb, 
respectively  (Johnson  and  Finley,  1980).  For  the  Invertebrate  Siaiocephaius 
3p.,  the  48-h  ECjq  Is  20  ppb  (Johnson  and  Finley,  1930).  At  concentrations 
of  1-7  ppb  In  water,  chlronomld  l.srvaa  exposed  for  25  d.iys  exhibited 
Increased  mortality  (EPA,  19303.S).  The  chronic  value  for  0-  scagaa  Is  16  ppb 
chlordane  (Cardwell  et  ai •  ,  1977).  A  bloconcent rat  ion  factor  of  24,000  (dry 
weight  b/isls)  h.is  b«en  observed  for  Daphnia  (Moore  et  ai-,  1977).  By 
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assuming  that  Saphala  have  the  same  water  content  as  algae >  65 <7  percent 
(Isensee  e£  al->  1973) i  a  BCF  of  8f200  on  a  wet  weight  basis  Is  estimated' 
Other  data  Indicate  a  dry  weight  conversion  factor  of  0>1  for  planktoni 
which  would  result  In  a  BCF  of  2.^00  (Stephan  al- •  1985}> 

£iah 

LC50  values  for  fish  range  from  3  ppb  for  carp  (Cyprlnus  rarplo)  and 
largemouth  bassi  to  190  ppb  for  the  guppy  (EPA,  1980aa;  Johnson  and  Finley > 
1980)  •  Fathead  minnow,  blueglll,  and  rainbow  trout,  have  LC5Q  values  of 
115,  57,  and  ^2  ppb,  respectively  (Johnson  and  Finley,  1980)- 

The  chronic  value  for  bluegllls  Is  1.6  ppb  (Cardwell  at  ai. *  1977).  At  a 
concentration  of  0-32  ppb  In  water,  reduced  embryo  viability  was  observed  In 
brook  trout  (Saiveliaus  fontioalis)  for  a  13-n)onth  exposure  (Cardwell  et 
al.  ■  1977).  Concentration  factors  of  ^,700  have  been  observed  In  aquatl: 
organisms  with  a  1  percent  lipid  content  (EPA,  1980aa).  Chronic  exposure  of 
s  freshwater  Indian  fish  to  17  ppb  chlordane  resulted  In  decreased  blood 
triglycerides  and  Increased  free  fatty  acids  and  magnesium  (Bansal  el  al- 1 
1979). 

5. 1.5. 2  leccestxial-Icosysreoa 
Elaala 

No  Information  regarding  the  toxicity  of  chlordane  to  plants  was  available 
In  the  literature  researched. 

Chlordane  residues  are  toxic  to  invertebrates  30  years  or  more  after 
application  to  the  soli  (Mampe.  1987).  In  the  American  cockroach 
(Eeclolaneta  aiccricana).  chlordane  Is  metabolized  to  more  than  25  products 
(Feroz  and  Khan,  1979). 

Birds 

Half  of  the  st.arllng3  (Stuenus  vulgaris)  do-jod  with  HC5-3260,  a  mixture  of 
cls-and  trans-chlord.ane ,  died  within  5  days  at  500  ppm  In  diet  (Stlckel  el 
al'.  1983).  For  technical  chlordane  (a  mixture  of  els-  and  trans  'nlordane, 
hept.achlor,  and  other  organochlorlncs) .  half  the  exfwsed  birds  for  isv^  -al 
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species  died  within  6  to  7  days  at  150  ppm  In  diet  (Stlckel  al* >  1979b)- 
At  14  dayst  half  the  starlings  dosed  with  RCS-3260  died  at  200  ppa  in  diet 
(Stlckel  el  al- •  1983).  These  values  do  not  necessarily  reflect  LC50  values 
because  remaining  birds  were  sacrificed  when  half  of  the  population  died 
(Stlckel  el  al- .  1979b).  By  using  an  Intake  of  175  g/kg  bw/day  derived  from 
chickens  (Sax,  1934),  dietary  concentrations  of  150,  200,  and  500  ppa  become 
26,  35,  and  88  mg/kg  bw/day. 

Chlordane  Is  metabolized  In  birds  to  heptachlor  epoxide,  oxychlordane , 
trans-nonachlor ,  c Is-chlord'^ne ,  and  other  compounds  (Stlckel  el  al.,  1979b). 
Heptachlor  epoxide  and  oxychlordane  appear  to  be  the  metabolites  correlated 
with  mortality;  brain  concentrations  diagnostic  of  poisoning  for  birds 
begin  near  5-0  ppm  oxychlordane  on  a  wet  weight  basis  (Stlckel  el  al-, 

1979bs  Stlckel  et  al- .  1983).  From  data  In  Stlckel  el  al.  ,  1983,  a  brain  to 
carcass  ratio  was  estimated  to  be  a  geometric  mean  of  0.16  (N-7)!  at  5  ppa 
In  brain,  the  estimated  lethal  level  In  carcass  Is  31  ppm.  Residues  of 
heptachlor  epoxide  diagnostic  of  poisoning  are  8  to  9  ppm  In  brain  (Stlckel 
et  al. ,  1979b).  Nonachlor  Is  not  highly  toxic  to  birds,  although  It  Is 
metabolized  to  oxychlordane  (Stlckel  et  al-,  1983). 

Uammala 

The  acuta  oral  LD50  of  rats,  mice,  and  hamsters  Is  350,  390,  and 
1,720  mg/kg  bw  respectively  (Claude,  1976).  The  toxicity  of  chlordane  Is  a 
function  of  the  configurational  purity  of  the  compound;  for  Instance,  the 
1050  In  rats  from  pure  c Is-chlordane  Is  83  mg/kg  bw  (Podowski  cl  al-,  1979), 
while  the  IDjq  for  chlordane  of  unspecified  purity  Is  560  mg/kg  bw  (Ambrose 
el  al.  ,  1953a).  Rats  stressed  by  a  low  protein  diet  (l-S’t  protein  for  23 
days)  had  an  LDjq  of  137  mg/kg  bw,  while  rats  fed  commercial  rodent  chow  had 
an  LD5Q  of  311  mg/kg  bw  (Boyd  and  Taylor,  1969).  Acuta  symptoms  Include 
central  nervous  system  stimulation  as  evidenced  by  Irritability,  tremors, 
and  convulsions  (Stohlman  et  al- ,  1950). 

No  effects  are  reported  In  rats  at  dietary  levels  of  1-2  ppm  (approximately 
0-09  mg/kg  bw/day  based  on  consumption  data  In  Sax  (1984))  (Delong  and 
Ludwig,  1954).  At  dietary  concentrations  of  5  to  10  ppm  (approximately 
0.375  to  0.75  mg/kg  bw/d.ay  (Sax,  1984),  occasional  hypertrophy  of 
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hepatocytes  and  Increased  liver  weight  occurs  In  rats  (Ingle,  1952 1  Ambrose 
el  al' ,  1953  a,b)<  In  a  2-  year  study  by  Ingle  (1952),  after  80  weeks  at 
concentrations  of  30  ppm  In  diet  (2 >25  mg/kg  bw/day  (Sax,  198A)),  rats 
exhibited  slight  tremors-  At  150  ppm  (il.25  mg/kg  bw/day  (Sax,  1984}), 
decreased  growth  rate,  anorexia,  and  tremors  were  observed-  Also,  liver  and 
kidney  hypertrophy,  and  moderate  to  marked  kidney,  lung,  myocardial,  adrenal 
and  spleen  damage  were  observed-  In  mice,  significantly  Increased  liver 
weights  occur  In  females  at  5  ppm  and  In  males  at  25  ppm  In  diet  (0-6  and 
3-0  mg/kg  bw/day  (Sax,  1984))  after  18  months  of  exposure  (Epstein,  1976)  at 
concentrations  of  25  ppm  diet  and  greater,  benign  proliferative  lesions 
occur  In  the  liver  of  mice  (becker  and  Sell,  1979).  A  review  panel  for 
WHO/FAO  indicate  that  3  ppm  In  diet  (estimated  as  0-075  mg/kg  bw/day  (Sax, 

1984))  for  2  years  Is  the  NOEL  for  dogs  (Wazeter,  1968)- 

5  - 1  -  5  -  3  Quan£ili£ariQa_Qf_lQXic-£f f ects 

The  EPA  Final  Chronic  Value  (0-17  ppb)  represents  acceptable  water 
concentrations  for  aquatic  life-  The  criteria  for  the  protection  of  aquatic 
organisms  and  their  uses  are  derived  from  the  Final  Residue  Value  (0-0043 
ppb),  which  Is  based  on  human  consumption,  and  so  are  considered 
Inappropriate  for  this  analysis- 

The  chronic  NOEL  for  dogs  was  0-075  mg/kg  bw/day-  Using  the  NOEL  for  dogs 
and  the  water  Intake  for  dogs,  the  acceptable  water  concentration  was 
estimated  as  follows: 

_ NOEL _  •  Qa.Q25_agZkg_biffday  •  1-5  mg /I 

Water  Intake  0-05  1/kg  bw/day 

This  value  Is  divided  by  a  factor  of  5  for  Interspecific  variation  to  yield 
an  estimated  acceptable  water  concentration  of  0-30  m^/1  (300  ppb). 

Because  chlordane  appears  to  bioconcentrate  significantly,  a  Final  Residue  Value 

of  0-0043  ppb  has  been  calculated  by  EPA  (1980aa)-  The  value  Is  based  on  FDA 

guidelines  for  human  consumption,  and  Is  therefore  considered  Inappropriate  for 

this  analysis.  By  using  the  dietary  NOEL  for  dogs  (3  ppm)  as  a  concentration 

protective  of  both  maramals  and  birds,  and  the  geometric  mean  BCF  reported  In  EPA 

(4,702),  a  Final  Residue  Value  Is  calculated  as  follows; 

_ KEIC _ " _ 3_ppta _ «  0-00064  ppm 

BCF  4,702 
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A  summary  of  th«  acceptable  water  concentrations  (ppb)  for  chlordane  Is  as 


follows: 

EPA 

Surface  Water 

Final  Residue 

Aquatic 

_ logaailDn _ 

300 

Value _ 

1 

0*17 

0*64 

The  lowest  of  the  estimated  criteria.  0-17  ppb.  Is  used  as  the  acceptable 
water  concentration  that  will  be  protective  of  all  wildlife  populations  at 
RMA. 


Data  were  Insufficient  to  calculate  soil  criteria  for  chlordane- 


5-1-6  CHLOROBENZENE 

There  are  no  published  criteria  concerning  chlorobenzene  for  the  protection 
of  freshwater  aquatic  life  (EPA.  1980ab)-  The  available  data  for 
chlorinated  benzenes,  including  mono-,  dl-.  trl-.  tetra-,  penta-  and 
hexachlorobenzene .  Indicate  that  acute  toxicity  occurs  at  concentrations  as 
low  as  250  ppb  and  would  occur  at  lower  concentrations  among  species  that 
are  more  sensitive  than  those  tested  (EPA.  1980ab)- 

The  half-life  of  chlorobenzene  In  air  Is  3-5  days  (Kanno  and  Nojlma.  1979) 
and  In  water  0-3  days  (Zoetman  eL  al- .  1980}-  The  dominant  loss  mechanism 
from  the  soil  surface  Is  evaporation  with  a  half-life  estimated  to  be 
several  months  (Wilson  eJL  al*.  1981).  Chlorobenzene  Is  expected  to 
partition  rapidly  to  air  when  released  to  surface  water  (EPA.  1984b)- 

5- 1-6-1  Aguallx-Ecosyatesis 
Elanrs 

The  average  96-h  EC50  for  the  alga  Sfilenaslrua  capclcocDatum  Is  228  ppm 
chlorobenzene  1  effects  were  reduction  In  cell  number  and  In  chlorophyll  a 
production  (EPA,  I980ab)-  Research  by  Calamarl  at  al-  (1983)  on  growth 
Inhibition  of  S-  capticotnatua  Indicated  a  96-h  EC50  of  12-5  ppm.  while  the 
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NOEL  was  less  than  6<8  ppm.  Brlngaiann  and  Kuhn  (1980)  found  that 
concentrations  of  120  ppm  caused  Incipient  growth  Inhibition  of  HicxQcyatia 
aecuginasa • 

A  bloconcentratlon  factor  of  4,185  Is  reported  for  the  alga  Oedogonium 
cardiacuo  (Lu  and  Metcalf,  1975;  EPA,  1977). 

Ini^eriebraLea 

The  48-h  8050  and  24-h  EC50  for  Daphnia  magna  exposed  to  chlorobenzene  are 
86  ppm  (EPA,  1978)  and  140  ppm  (Le  Blanc,  1980).  In  toxicity  tests  by 
Calamarl  at  al*  (1983),  Q-  magna  exhibited  a  24-h  EC50  of  4-3  ppm,  while  a 
concentration  of  2.5  ppm  reduced  fertility  50  percent  In  14  days-  The  48-h 
LC50  for  Brachydanio  ratio  Is  10.5  ppm  (Calamarl  ai  al- ,  1983). 

Bloconcentratlon  factors  In  snails  (Ehysa  sp-),  D.  magna,  and  mosquito 
larvae  (Culex  qulnquiiasciaius)  are  1,313,  2,789  and  1,292,  respectively  (Lu 
and  Metcalf,  1975s  EPA,  1977). 

ELsh 

In  goldfish,  guppy  and  blueglll,  96-h  LC5QS  are  51-6,  45.5  and  15.9  to 
24  ppm,  respectively  (Pickering  and  Henderson,  1966;  EPA,  1978).  For 
rainbow  trout  and  largeawuth  bass  LC50S  are  0.1  and  0.7  ppm,  respectively 
(Blrge  el  al-,  1979a).  In  another  study,  the  LC5Q  for  rainbow  trout  was 
4.1  ppm  (Calamarl  el  al-,  1983).  Hardness  does  not  significantly  effect 
toxicity  as  evidenced  In  a  study  by  Pickering  and  Henderson  (1966).  In  a 
7.5  day  study,  LC503  for  embryonic  goldfish  and  largemouth  bass  ranged  from 
0-88  to  1.04  ppm  and  0.05  to  0-06  ppm,  respectively  (Blrge  el  al.  ,  1979b). 
Embryonic  trout  exposed  for  16  days  to  0-09  ppm  (90  ppb)  chlorobenzene 
exhibited  100  percent  mortality  (Blrge  2I  al-,  1979b).  A  30-day  exposure  to 
2  and  3  ppm  chlorobenzene  caused  damage  to  the  liver  of  rainbow  trout  and 
largemouth  bass  (Dallch,  1982). 

The  bloconcentratlon  factor  for  chlorobenzene  for  mosquito  fish  Is  645  (Lu 
and  Metcalf,  1975;  EPA,  1977). 
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5  •  1  •  6  ■  2  Is  crsslrial-£cQs^;sleBis 
Blaota 

No  Information  regarding  the  toxicity  of  chlorobenzene  was  available  In  the 
literature  reviewed* 

iDvarlebcales 

No  Information  regarding  the  toxicity  of  chlorobenzene  was  available  In  the 
literature  reviewed- 

Birds 

No  Information  regarding  the  toxicity  of  chlorobenzene  was  available  In  the 
literature  reviewed- 

Uaautals 

The  LD5Q  for  chlorobenzene  In  rats  Is  3,ii00  mg/kg  bw  (Vecerek  et  ai->  1976). 
Toxic  effects  Include  necrosis  of  the  liver  and  Interference  with  porphyrin 
metabolism  (Rlmlngton  and  Ziegler.  1963t  Khanln.  1969;  Knapp  et  al-  • 

1971).  From  Inhalation  studies,  1.050  guinea  pig  and  mouse  are  0-05  ppm 
(Rozenbaum,  et  al- ,  1947)  and  20  ppm  (Lecca-Radu,  1959),  respectively. 

In  long-term  toxicity  studies  with  rats,  a  dietary  concentration  of  50  rog/kg 
bw/day  chlorobenzene  for  93  to  99  days  caused  Increased  liver  and  kidney 
weight  (Knapp  et  al->  1971).  In  other  studies,  no  effects  are  reported  at 
50  mg/kg  bw/day  for  rats  (Monsanto  Company,  1967),  or  60  mg/kg  bw/day  for 
mice  and  rats  (NTP,  1983)-  Studies  with  mice  Indicate  dietary 
concentrations  of  42-9  mg/kg  bw/day  for  13  weeks  can  cause  hepatic  necrosis 
(NTP,  1983).  A  chlorobenzene  concentration  of  357  mg/kg  bw/day  Is  100 
percent  lethal  to  males  within  1  week  and  causes  reduced  weight  gain, 
polyuria  In  females,  Increased  liver  weights,  lesions  of  the  liver,  kidney, 
bone  marrow,  spleen  and  thymus  (NTP,  1983).  Research  by  Monsanto  Company 
(1967)  and  Knapp  el.  al*  (1971)  Indicated  dogs  fed  diets  containing  27-3, 

54.6  and  272-5  mg/kg  bw/day  chlorobenzene  for  90  days  had  effects  at  the  two 
highest  dose  levels-  At  the  272-5  mg/kg  concentration,  mortality  occurred 
In  3  to  5  weeks.  The  54.6  mg/kg  concentration  caused  diarrhea,  vomiting  and 
conjunctivitis;  no  effects  were  observed  at  the  lowest  concentration. 
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5 • 1 • 6 • 3  Quanriflca£iQiL.Q£-lQXiC-££f ecla 

EPA  criteria  are  unavailable  for  the  protection  of  aquatic  organisms-  The 
EPA  acute  LOAEL  of  250  ppb  Is  divided  by  an  uncertainty  factor  of  10^  to 
yield  an  acceptable  water  concentration  of  2-5  ppb-  The  acceptable  water 
concentration  Is  more  than  an  order  of  magnitude  lower  than  the  7.5-day  LC5Q 
of  50  ppb  for  embryonic  largemouth  bass- 

To  calculate  toxicity  due  to  surface  water  Ingestlont  the  subchronic  NOEL 

for  dogs  of  27-3  mg/kg  bw/day.  and  the  water  Intake  for  dogSi  was  used-  The 

acceptable  water  concentration  was  estimated  as  follows: 

_ NOEL _ -  22j.3_nig/kg_bMZday  -  5^6  mg /I 

Water  Intake  0-05  1/kg  bw/day 

This  value  Is  then  divided  by  an  uncertainty  factor  of  10  to  bring  the 
subchronic  NOEL  Into  the  range  of  a  chronic  NOEL,  and  5  for  interspecific 
variability,  to  yield  an  acceptable  water  concentration  of  11  mg/1 
(11,000  ppb). 

Because  chlorobenzene  appears  to  bioconcentrate  significantly,  a  Final 
Residue  Value  should  have  been  calculated  by  EPA  (1980ab).  No  value  Is 
available;  however,  probably  because  data  were  Insufficient  to  calculate  a 
MPTC. 


A  summary  of  the  acceptable  water  concentrations  (ppb)  for  chlorobenzene  Is 
as  follows: 

EPA  Surface  Water  Final  Residue  Aquatic 

_  .Ingfislian _  _ Value _  _ Life_ 

2.5  11,000  NA  NA 

The  lowest  of  the  ijtlraated  criteria,  2-5  ppb,  Is  used  as  the  acceptable 
water  concentration  that  will  be  protective  of  all  wildlife  populations  at 
RMA.  Due  to  the  limited  data  available,  this  estimate  Is  highly  uncertain. 

Data  were  Insufficient  to  calculate  soil  criteria. 
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5.1.7  CHLOROFORM 

Chloroform  causes  acute  and  chronic  toxicity  to  aquatic  organisms  at 
concentrations  of  28.9  and  1.24  ppm#  respectively,  although  toxicity  may 
occur  at  lower  concentrations  for  more  sensitive  species  than  those  tested 
(EPA.  1980b).  The  available  data  are  Inadequate  to  establish  a  freshwater 
aquatic  life  criterion  (EPA.  1985). 

There  Is  no  appreciable  decomposition  of  chloroform  at  ambient  temperatures 
In  water  even  In  the  presence  of  sunlight  (Hardle.  1964).  Volatilization 
Into  the  atmosphere  Is  the  major  transport  process  for  the  removal  of 
chloroform  from  aquatic  systems  (EPA.  1979a).  The  half-life  for  chloroform 
In  rivers  and  lakes  Is  0-3-3  and  3-30  days,  respectively  (Zoetraan  ei  al.. 
1980).  The  half-life  in  soil  Is  not  available  (EPA.  1984c).  The  aqueous 
solubility  of  chloroform  Is  870  mg/1. 

5 . 1 . 7 . 1  Aquat,ic_£cQayatams 
ElanLa 

No  Information  regarding  the  toxicity  of  chloroform  was  available  In  the 
literature  reviewed. 

lavetlebcafea 

In  a  48-hr  static  test,  the  LC5Q  for  Caphnia  magna  Is  28-9  ppm  (EPA.  1978). 
EXah 

In  toxicity  studies  by  Bently.  et  al-.  (1975).  LC5QS  for  rainbow  trout  were 
determined  to  be  66.8  and  43-8  ppm,  and  for  blueglll  115  and  100  ppm.  In  a 
27-day  study  In  hard  and  soft  water.  LC50  for  rainbow  trout  embryo-larvae 
were  2-03  and  1.24  ppm,  respectively  (Blrge  et  al-.  1979b).  Rainbow  trout 
eggs  exposed  to  10-6  ppm  chloroform  20  minutes  after  fertilization  to  8  days 
after  hatching  had  a  40  percent  Incidence  of  teratogenesls  at  hatching 
(Blrge  et  al- ,  1979b). 

The  equilibrium  bloconcentratlon  factor  for  the  blueglll  Is  6,  with  a  tissue 
half-life  of  less  than  one  day  (EPA.  1978).  To  date  there  Is  no  evidence 
for  blomagnlf Icat Ion  In  aquatic  food  chains  (EPA,  1985d). 
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5  •  1 . 7 . 2  IfiTEfiatrial-Icos^teaia 
Elanta 

No  Information  regarding  the  toxicity  of  chloroform  was  available  In  the 
literature  reviewed. 

laxarlehcates 

No  Information  regarding  the  toxicity  of  chloroform  was  available  In  the 
literature  reviewed. 

Birds 

No  Information  regarding  the  toxicity  of  chloroform  was  available  In  the 
literature  reviewed. 

Uamaala 

Chloroform  Is  lipid  soluble  and  passes  readily  through  cell  membranes  to 
produce  narcosis  of  the  central  nervous  system  (Cornish,  1975),  depletion  of 
liver  glutathione  (Ilett  et  al.,  1973),  gonadal  and  bone  marrow 
abnormalities  (Palmer  at  al. ,  1979),  and  carcinomas  of  several  tissues- 
Gastrointestinal  absorption  Is  slower  than  Inhalation  but  absorption 
approximates  100  percent  (Fry  et  al. ,  1972)  and  lethal  tissue  level,  can  be 
reached  In  minutes  to  a  few  hours  (VonOcttlngen,  1955a).  Animals  on  high 
fat  or  protein  poor  diets  appear  to  be  more  susceptible  to  hepatotoxlclty , 
while  high  carbohydrate  and  protein  diets  have  a  protective  effect 
(VonOettlngen,  196A). 

Intragastrlc  introduction  of  chloroform  to  rats  caused  renal  and  hepatic 
tissue  pathological  changes  at  a  concentration  of  250  mg/kg  bw;  the  acute 
oral  LD50  was  2,000  mg/kg  bw,  with  death  resulting  within  2  hours  (Torkelson 
fii  al- >  1976).  Oral  doses  of  126  mg/kg  bw/day  In  pregnant  rats  caused 
maternal  toxicity  but  no  embryocldal  or  teratogenic  effects;  fetal  toxicity, 
hepatitis,  and  death  of  dams  occurred  at  316  mg/kg  bw/day  (Thompson  el  al- , 
197A).  A  13-  week  study  with  Sprague-Dawley  rats  given  chloroform  orally 
demonstrated  that  30  mg/kg  bw/day  had  no  effects  (Palmer  at  al. ,  1979).  The 
next  higher  dose,  150  mg/kg  bw/day,  caused  Increased  liver  weight  with  fatty 
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necrosis,  gonadal  atrophy,  and  cellular  proliferation  In  the  bone  marrow. 
Oral  doses  of  chloroform  greater  than  100  mg/kg  bw/day  In  female  rabbits 
were  toxic  to  dam  and  fetus  (Thompson  al  al. ,  197<i). 

Inhalation  studies  with  mice  show  that  at  concentrations  of  8,000  ppm  the 
mice  died  within  3  hours  and  at  12,500  ppm  within  2  hours  (VonOettlngen, 
195Sa}.  Pregnant  rats  exposed  to  30  ppm  In  the  ambient  air  had  a 
significant  Incidence  of  fetal  abnormalities  Including  delayed  skull 
ossification  and  rib  abnormalities  In  fetuses  (Schwetz  e£  al- ,  1974). 
Inhalation  of  50  ppm  had  no  effect  on  male  or  female  rabbits,  while  the  next 
higher  dose  of  85  ppm  caused  pneumonitis,  hepatic,  and  renal  pathology 
(Torkelson  et  al- ,  1976). 

Dermal  applications  of  1,000  ppm  body  weight  cause  degenerative  changes  In 
kidney  tubules  of  exposed  rabbits  (Torkelson  at.  al-,  1976). 

5 . 1 . 7 . 3  QuantiIicatiQa_Qf_lQXic_£f facts 

EPA  criteria  for  the  protection  of  aquatic  organisms  and  their  uses  are 
unavailable  for  chloroform.  Therefore,  the  chronic  LOAEL  (1.24  ppm)  was 
divided  by  an  uncertainty  factor  of  10  to  bring  the  value  Into  the  range  of 
NOEL.  The  resulting  acceptable  water  criterion  for  the  protection  of 
aquatic  organisms  Is  0-12  ppm  (120  ppb). 

Water  criteria  based  on  surface  water  Ingestion  were  calculated  using  the 
health  effects  data  for  rats.  The  subchronic  NOEL  was  30  mg/kg  bw/day  for 
rats  during  a  13-week  study.  The  acceptable  water  concentration  Is  derived 
using  the  NOEL  and  the  dally  water  Intake  for  rats  as  follows: 

_ NOEL _ -  3Q_mgZkg_bw/day _  -  240  mg /I 

Water  Intake  0-125  1/kg  bw/day 

By  dividing  by  uncertainty  factors  of  10  to  bring  the  subchronic  NOEL  Into 
the  range  of  a  chronic  NOEL,  and  5  for  Interspecific  variation,  an 
acceptable  water  concentration  of  4-8  mg/1  (4,300  ppb)  Is  obtained- 

There  Is  no  Indication  that  chloroform  bioaccumulates  significantly; 
therefore,  a  Final  Residue  Value  was  not  calculated- 
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A  summary  of  the  acceptable  water  concentrations  (ppb)  for  chloroform  Is  as 
follows: 

EPA  Surface  Hater  Final  Residue  Aquatic 

-  _lB«ealion _  Value _  _ 

120  A. 800  NA  NA 

The  lower  of  the  estimated  crlterloni  120  ppbt  Is  used  as  the  acceptable 
water  concentration  that  will  be  protective  of  all  wildlife  populations  at 
RMA.  Due  to  the  limited  data  available,  this  estimate  Is  highly  uncertain- 

Data  were  Insufficient  to  calculate  a  soil  criterion- 

5-1-8  CHLOROPHE^rYL  METHYL  SULFIDE,  CHLOROPHENYL  METHYL  SULFOXIDE,  AND 
CHLOROPHENYL  METHYL  SULFONE  (CPMS,  CPMSO,  CPMSO2) 

EPA  water  quality  criteria  were  unavailable  In  the  literature  revlewed- 
These  chemicals  behave  very  differently  In  the  environment-  For  example, 
the  aqueous  solubilities  estimated  for  CPMS,  CPMSO,  and  CPMSO2  are  12, 
1,050-1,200,  and  1,050-1,170  ppm,  respectively  (EBASCO,  1987)-  Persistence 
data  Indicate  half-life  of  CPMS  ranges  from  1  to  >5  months  (EBASCO,  1987). 
Half-life  estimates  for  CPMSO2  range  from  >5  months  to  1  year,  and  for  CPMSO 
the  estimate  Is  >5  months  (EBASCO,  1987). 

5 • 1 -  8  - 1  Aquatic-EcQsystema 
Plants 

No  Information  was  available  In  the  literature  reviewed- 

Invartsbratfis 

No  Information  was  available  in  the  literature  reviewed- 

Eish 

No  information  was  available  in  the  literature  reviewed- 

5  - 1  -  8  -  2  l£Erssttiai_£cDsyalEa!a 

Plants 

Guenzi  at  al-  (1981)  examined  the  effects  of  the  three  sulfur  compounds  on 
several  commercial  crops-  Toxic  effects  ware  determined  by  measurements  of 
plant  height,  phytotoxlclty  symptoms  in  leaves,  and  biomass;  little 
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difference  was  noted  In  the  relative  toxicity  of  the  three  contaminants. 
Alfalfa  was  the  most  sensitive  plant  tested  and  corn  the  laost  resistant. 

Mean  soli  concentrations  for  the  three  chemicals  that  correlated  with  a 
20  percent  growth  reduction  for  alfalfa ■  fescue i  sugar  beets •  and  wheat  were 
4.7,  6.3,  7.3,  and  15.5  ppm  (Cuenzl  et  al. >  1981).  Corn  exhibited  20 
percent  growth  reduction  at  25  ppm  sulfone  In  soil. 

Birds 

No  Information  was  available  In  the  literature  reviewed. 

Mammals 

The  LD50  for  sulfoxide  for  male  and  female  rats  Is  61)  and  463  mg/kg  bw, 
respectively  (Thake  at  al. ,  1979,  RICi»81266R06) .  The  LD50  for  sulfoxide  for 
male  and  female  mice  Is  328  mg/kg  bw  and  440  mg/kg  bw  (Thake  el  al. ,  1979, 
RIC#81266R06) .  Another  study  reported  a  higher  ID50  value  of  933  mg/kg  bw 
(a  range  of  852  to  1,020  mg/kg  bw)  for  sulfoxide  for  mice  (Miller  et  al- , 
1976,  RIC#81322R07) .  Sax  (1984)  reports  acute  oral  LD50  values  for  the 
sulfide  analog  of  400  to  479  mg/kg  bw  for  rats,  and  672  mg/kg  bw  for  mice. 
The  sulfone  exhibits  similar  acute  LD50  values  of  400  mg/kg  bw  for  rats  and 
606  mg/kg  bw  for  mice  (Sax,  1984). 

Rats  and  mice  subchronlcaliy  dosed  with  CPMSO  at  750  ppm  In  diet  (estimated 
to  be  56  and  90  mg/kg  bw/day,  respectively  (Sax,  1984))  had  Increased  liver 
and  kidney  weights,  lesions  of  the  liver,  and  Increased  serum  miner'll  and 
glutamate-oxalate  transaminase  levels  (Thake  el,  al. ,  1979,  RIC#81266R06) . 
Lethal  dietary  levels  for  rat  and  mouse  were  3,000  and  5,000  ppm, 
(approximately  225  and  600  mg/kg  bw/day  (Sax,  1984))  respectively  (Thake  at 
al. ,  1979,  RIC#81266R06) .  CPMSO2  c--  sed  Induction  of  the  hepatic  microsomal 
enzyme  system  In  rats  (Kimura  el_aJ^,  1983). 

CPMS  and  CPMSO2  are  absorbed  through  the  gastrointestinal  tract  In  cattle, 
with  CPMS  oxidizing  to  CPMSO2  (Oehler  and  Ivle,  1983).  The  sulfone  did  not 
metabolize  further,  but  distributed  in  tissues  and  was  slowly  excreted  by 
kidneys.  In  cattle,  1  to  3  percent  of  the  administered  dose  was  excreted 
Into  milk  In  4  days  as  the  sulfone  (Oehler  and  Ivle,  1983). 
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5  •  I  •  8  •  3  Quant  If  ie aliaa-.aLJ[Qxic_£JL£ecl5 

No  EPA  criteria  have  been  established*  and  aquatic  life  data  were 
unavailable  In  the  literature  reviewed}  therefore*  criteria  for  the 
protection  of  aquatic  biota  could  not  be  established- 

For  terrestrial  biota  consuming  surface  water*  criteria  were  based  on  health 
effects  data  for  rats-  The  subchronic  iOAEL  was  56  mg/kg  bw/day  In  diet  for 
rats*  and  resulted  In  sublethal  effects-  Using  a  water  consumption  rate  for 
rats  of  0-125  1/kg  bw/day*  the  acceptable  water  concentration  becomes: 

_ LQAEL _ -  5fi_ingZ!tg_b«Zda)! —  -  <iA8  mg/l 

Water  Intake  0-125  1/kg  bw/day 


By  dividing  with  uncertainty  factors  of  50  to  convert  the  subchronic  LOAEL 
to  a  chronic  NOEL*  and  5  for  Interspecific  variation,  an  acceptable  water 
concentration  of  1-8  mg/1  (1.300  ppb)  Is  obtained- 

There  is  no  Indication  that  the  sulfur  compounds  bloaccumul-sie  to  a 
significant  extent;  the  sfore,  a  Final  Residue  Value  was  not  calculated-  A 
summary  of  the  acceptable  water  concentrations  (ppb)  for  the  sum  of  the 
sulfur  compounds  Is  as  follows: 

EPA  Surface  Water  Final  Residue  Aquatic 

_  -Ingestion _  _ Value _  — Lifo_ 

NA  1,800  NA  HA 

The  only  estimated  criterion.  1,800  ppb.  Is  used  as  the  acceptable  water 
concentration  that  will  be  protective  of  all  wildlife  populations  at  RMA- 
Due  to  the  lack  of  data*  this  estimate  Is  highly  uncertain,  and  may  not  be 
protective  of  aquatic  life- 

Soil  criteria  were  based  on  the  geometric  mean  of  the  mean  concentrations  of 
the  three  sulfur  compounds  In  soli  that  correlated  with  20  percent  growth 
reduction  of  plants  (9.7  ppm).  An  uncertainty  factor  of  10  was  applied  to 
bring  the  LOAEL  into  the  range  of  an  NOEL-  The  acceptable  soli 
concentration  Is  0-97  ppm. 
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5.1.9  COPPER 

The  toxicity  of  copper  to  aquatic  organisms  Is  due  primarily  to  the  cupric 
(Cu^*)  Ion,  and  possibly  to  some  of  the  hydroxy  complexes  (EPA,  1983bb). 

The  cupric  Ion  complexes  readily  with  Inorganic  and  organic  components  In 
natural  wateri  and  adsorbs  to  suspended  solids-  The  toxicity  of  copper  In 
water  Is  dependent  on  parameters  such  as  chemical  speclatlon.  seasonal 
changes  In  precipitating  agents.  pH,  suspended  solids,  and  allcallnlty  (EPA, 
i985bbi  Callahan  et  ai-.  1979).  In  natural  waters,  copper  concentrations 
range  from  0-5  to  1  ppb,  and  can  exceed  2  ppb  In  urban  areas  (Hoore  and 
Raoasioorthy ,  198A}.  Mean  soli  levels  In  the  western  U-S-  are  21  ppm 
(O'Leary  and  Helcr,  1986)- 

The  criteria  for  the  protection  of  aquatic  freshwater  organisms  and  their 
uses  are  estimated  by  0- 85A5C ln( hardness ) 3-1 . A65)  g  four-day  average 
concentration  (ppb)  not  to  be  exceeded  more  than  once  every  three  years 
(EPA,  1985bb).  The  acute  criteria  are  estimated  by  ofO- 9A22 1 ln( hardness  )  3- 
I.A6A)  gg  g  one-h  average  (ppb)  not  to  be  exceeded  more  than  once  every 
three  years  (EPA,  1985bb).  At  hardness  of  50,  100.  and  200  ppm  as  CaC03, 
acute  criteria  are  9-2,  18,  and  3A  ppb.  respectively,  while  chronic  criteria 
are  6.5,  12,  and  21  ppb,  respectively. 

5-1. 9.1  Aquatlc.Ecosystema 
Elaata 

Concentrations  of  copper  ranging  from  1  to  8.000  ppb  Inhibit  growth  of 
various  plant  species  (EPA,  1935bb).  Thu  alg.!,  Chloceila  yulgacis.  exhibits 
50  percent  growth  Inhibition  when  exposed  to  100  to  7C0  ppb  (Stokes  .xnd 
Hutchinson,  1976).  Depressed  growth  w.s3  ob.survnd  In  Chocella  pycECQidaaa  at 
concentrations  of  1  ppb  (Steeman-Nlolsen  and  Wlura-Anderscn ,  I’)??). 
Photosynthetic  oxygen  production  was  reduced  by  50  percent  In  the 
macrophyte,  Eiodaa  canadenais,  at  concentrations  of  150  ppb  (Brown  and 
Rattlgan,  1979).  Using  criteria  for  copper  concentrations  In  water  that  arc 
protective  of  aquatic  animals  will  protect  aquatic  plant.s  (EPA,  19a6d). 

Bloconcentrat Ion  of  copper  residues  was  examined  In  two  algal  species. 
Chlocelia  ccgulacis  and  Chroococcua  patia-  Concentration  factors  were  2,000 
for  C-  cp.gui.iris  for  a  20-h  exposure,  and  up.  to  A, 000  for  C.  paria  for  a 
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10-mln  exposure  on  a  wet  weight  basis  (EPA.  1935bb)<  According  to  Callahan 
el  al*  (1979) I  the  bloconcentratlon  factor  for  the  alga  Scenedeamua 
quadricaida  is  12. 

iQizerlebcalsa 

At  30  ppm  as  CaC03  hardness #  copper  sulfate  was  lethal  at  concentrations  of 
150  ppb  to  worms  ( Lunbciluilua  Yariegatus)  (Bailey  and  Liu,  1980),  and  an 
acute  value  of  2A2.7  ppb  was  estimated  for  a  hardness  level  of  50  ppm  (EPA, 
1985bb).  Estimated  acuta  values  for  other  Invertebrates  at  50  ppm  CaC03 
range!  from  9.26  ppb  for  a  cladoceran,  Daphaia  pullcacla,  to  10,2^0  ppb  for 
the  stonefly,  Acroneucia  iycoclaa  (EPA,  1985bb). 

Aquatic  Invertebrates  and  fish  are  equally  sensitive  to  the  chronic  toxicity 
of  copper  (EPA,  1986d).  The  chronic  toxicity  of  copper  to  various 
Invertebrates  ranges  from  6-066  to  29.33  ppb  at  hardness  ranging  from  26  to 
211  ppm  CaC03  (EPA,  1983bb).  The  solutions  tested  were  copper  chloride  and 
copper  sulfate. 

whole  body  concentration  factors  for  copper  range  from  203  for  the  stonefly, 
£.  callfocalca,  to  471  for  the  cladoceran,  Q.  magna  (EPA,  1985bb).  Exposure 
duration  was  7  days  for  2-  ssagaa  and  14  days  for  p.  califoraica.  Molluscs 
accumulate  copper  from  water  by  factors  of  30,000  (Callahan  cL  al.  •  1979). 
Copper  concentration  Increases  with  trophic  level  In  food  chains  (Patrick 
and  Lout  It ,  1970) ■ 


fish 

The  96-h  LC50  values  at  50  ppm  as  C.aC03  for  various  fish  species  range  from 
16-74  ppb  for  northern  squawflsh  ( Ptychochfillus  Qcegocensls)  under  flow¬ 
through,  measured  conditions,  to  5,860  ppb  for  white  perch  (Mocona 
americana)  under  static,  measured  conditions  (EPA,  1995bb).  The  96-h  LC5Q 
values  reported  by  Johnson  and  Finley  (1980)  for  copper  sulfate  range  from 
135  to  3,510  ppb  for  rainbow  trout  and  green  sunflsh.  respectively-  The 
96-h  I.Cjg  values  for  copper  ar-snonlum  sulf.ite  with  sulfur  range  from  121  ppb 
for  rainbow  trout  to  13,700  ppb  for  blueglll,  and  for  copper  ammonium 
sulfate  without  sulfur,  the  96-h  LC50  values  range  from  20-4  ppb  for  rainbow 
trout  to  3,230  ppb  for  blueglll  (Johi'.son  and  Finley,  1980)- 


5-41 


C-RMA-09D/BIORI501 . 2 .  2 
5/2/89 


The  chronic  toxicity  of  copper  Is  greater  than  the  acute  toxicity  for 
aquatic  organisms-  At  hardness  levels  of  45<  chronic  toxicity  values  range 
from  12-86  ppb  for  brook  trout  to  60-36  ppb  for  northern  pike  (EPAt  1985bb)- 
Brovm  bullhead  (l£j:alurus  nehulosus)  attain  equilibrium  with  water  after  30 
days  of  exposure  (Brungs  et  al- .  1973).  Copper  concentrations  correlated 
with  exposure  concentrations  more  closely  In  liver  and  gill  tissues  than 
other  tissues  examined  (Brungs  at  al- »  1973). 

5- 1-9- 2  Ierrasttial_£cQsystems 
Elanis 

Copper  Is  accumulated  by  fruiting  shrubs  as  a  result  of  contamination  due  to 
smelter  activity  (Shaw,  1981)-  Levels  were  consistently  higher  In  stems 
than  In  leaves  or  fruits- 

Inveciebcales 

High  soli  concentrations  of  copper  can  be  toxic  to  terrestrial 
Invertebrates.  Earthworms  (Luahticus  cubellus)  exposed  to  1,000  ppm  copper 
In  soil  had  SO  percent  mortality  after  6  weeks,  and  100  percent  mortality 
after  12  weeks  (Ma,  1982).  At  soil  concentrations  of  3,000  ppm.  mortality 
was  100  percent  at  6  weeks- 

Copper  Is  accumulated  by  earthworms  to  a  lesser  extent  than  cadmium,  but  to 
a  greater  or  equal  extent  as  lead  (Ma,  1982).  Invertebrates  that  fed  on 
vegetation  had  lower  copper  concentrations  than  Invertebrates  that  fed  on 
prey  or  detritus  (Beyer  et  al- ,  1985).  Grasshoppers  (Cboclhlppus  b:unaeus) 
In  the  vicinity  of  a  copper  refinery  accumulated  a  maximum  concentration  of 
1,600  ppm  copper  (Hunter  et  al. ,  1987);  85  percent  of  total  body  copper  is 
associated  with  the  integument. 

Birds 

Songbirds  exposed  to  multiple  metals  In  a  field  situation  accumulated  copper 
at  concentrations  as  high  as  10  ppm  on  a  dry  weight  basis  (Beyer  at  al- , 
1985).  This  concentration  could  not  be  correlated  with  health  effects. 


5-4  2 


C-RMA-09D/BIORI501.2.A3 

5/2/89 


Kazomals 

Dietary  concentrations  of  copper  of  30  to  50  ppm  are  toxic  to  unspecified 
rumlnantsi  but  not  non-ruolnants  (Bucltt  1978a).  Sheep  are  sensitive  to  the 
effects  of  copper>  and  can  suffer  toxic  effects  when  grazed  on  pasture  where 
soli  concentrations  of  copper  are  high  (EFAi  1984d). 

Levels  of  copper  In  diet  of  150  and  250  ppm  (1.8  and  3.2  mg  Cu^^/kg  bw/day) 
resulted  In  accelerated  weight  gain  In  pigs  (Kline  at  al.«  1971).  At  levels 
of  500  ppm  (5.5  mg  Cu^*/kg  bw/day) >  reduced  growth#  reduced  hemoglobin 
levels#  and  Increased  liver  copper  concentrations  were  observed.  Another 
study  with  pigs  Indicated  that  250  ppm  copper  sulfate  In  diet  (2.6  mg 
Cu^*/kg  bw/day)  for  79  days  resulted  In  elevated  serum  AST  and  Jaundice 
(Suttle  and  Mills#  1966).  Rats  fed  5#000  ppm  (80  mg  Cu^*/kg  bw/day)  copper 
acetate  In  diet  for  16  months  accumulated  copper  In  liver  and  kidney#  toxic 
effects  were  not  reported  (Howell#  1959). 

.Mica  (E.  leucopus)  accumulated  less  copper  (6.7  ppm)  than  shrews  (fi. 
bcfiJticauda)  collected  from  the  same  area  (11  ppm)  near  a  z.nc  smelter  (Beyer 
e£  al- #  1985).  Herbivorous  mammals#  or  those  feeding  or.  herbivorous 
Insects#  have  less  exposure  to  metals  In  the  food  chain  than  carnivores 
(Beyer  at  al- #  1985) . 

Copper  can  Interact  with  other  trace  metals  In  diet.  For  example#  an 
antagonistic  effect  with  molybdenum,  zinc#  and  Iron  Is  observed  such  that 
toxic  effects  due  to  copper  are  mitigated  by  addition  of  th.;se  metals  to 
diet  (EPA#  198^d).  Absorption  occurs  from  the  upper  gastrointestinal  tract, 
and  may  be  Influenced  by  dietary  protein  and  competition  with  other  metals 
(Evans,  1973)-  Rats  dos^d  intraper Itoneally  with  copper  (..  ppm)  had 
significant  differences  In  dopamine  and  norepinephrine  levels  In  brain 
(Malhotra  et  al- #  1982)#  while  rats  coexposed  to  2  ppm  copper  ( Intraper Itoneally ) 
and  100  ppm  lead  (water  Ingestion)  exhibited  greater  neurotoxic  effects  than  rats 
exposed  to  either  metal  alone. 
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5 . 1 . 9 . 3  QuaiUtificaJLiQn_of_Ioxic_If  facta 

The  EPA  criteria  for  the  protection  of  aquatic  organises  and  their  uses  are  used  to 
represent  acceptable  water  concentrations  for  aquatic  life* 

Water  criteria  based  on  surface  water  Ingestion  were  derived  using  available  health 

effects  data.  The  subchronic  LOAEL  for  pigs  (2.6  ag/kg  bw/day)  was  used  to  derive 

the  acceptable  water  concentration.  Using  an  estimated  water  Intake  for  pigs  of 

15-lA  1/day  (McBrldef  1987)  and  an  average  body  weight  of  60  kg  (Saxi  1984)  •  the 

acceptable  water  concentration  was  calculated  as  follows: 

_ LOAEL _ -  _2ifi_mgZkg_J)HZday  -  10.4  mg/1 

Water  Intake  0.25  1/kg  bw/day 

By  using  uncertainty  factors  of  50  to  convert  the  subchronic  LOAEL  to  a  chronic 
NOELi  and  5  for  Interspecific  variation,  the  acceptable  water  concentration  becomes 
0.042  mg/l  (42  ppb). 

Because  copper  appears  to  bioconcentrate  significantly,  a  Final  Residue  Value  was 

calculated  according  to  EPA  Methodology  (Stephan  ei  al* ,  1985).  The  geometric  mean 

BCF  from  data  presented  by  EPA  (1985bb)  Is  738.7  (N»8).  The  subchronic  LOAEL  for 

pigs  was  used  as  the  MPTC.  The  Final  Residue  Value  Is  as  follows: 

_HE1C_  „  _25Q_ppo_  ,  0.34  ppm 
BCF  738.7 

Since  dietary  effects  data  were  unavailable  for  birds,  It  Is  not  known  whether  the 
Final  Residue  Value  Is  protective  of  avian  species. 

A  summary  of  the  acceptable  water  concentrations  (ppb)  for  copper  Is  as  follows: 


EPA  Surface  Water  Final  Residue  Aquatic 

_  -Ingestion _  _ Value _  _ Life _ 

6.5  42  340  NA 

(50  ppm  CaC03) 
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The  lowest  of  the  estimated  crlterlaf  6.5  ppb<  Is  a  hardness  dependent 
criterion.  Thereforei  the  acceptable  water  concentration  that  will  be 
protective  of  all  wildlife  populations  at  RMA  Is  as  low  as  6.5  ppb  at  a. 
hardness  of  50  ppm  CaC03i  but  can  Increase  as  hardness  Increases)  not  to 
exceed  42  ppb. 

Although  accumulation  studies  have  been  performed)  data  were  Insufficient  to 
calculate  accumulation  factors  from  soil  to  plants  or  Invertebrates. 

However)  copper  Is  toxic  to  Invertebrates  at  concentrations  of  1)000  ppm. 
Using  an  uncertainty  factor  of  10  to  bring  the  LOAEL  Into  the  range  of-  a 
NOEL)  the  acceptable  soil  criteria  for  copper  Is  100  ppm. 

5.1.10  DICHLORODIPHENYLTRICHLOROETHANE  (DDT)/ 

l)l-DICHLORO-2)2-BIS  (4-CHLOROPHENYL) -ETHYLENE  (DDE) 

The  freshwater  criteria  for  protection  of  aquatic  ecosystems  for  DDT  Is 
0.0010  ppb  as  a  24-h  average)  and  concentrations  should  not  exceed  1.1  ppb 
at  any  time  (EPA)1986c).  The  criteria  are  based  on  protection  of  wildlife 
populations  using  reduced  productivity  of  brown  pelicans  as  the 
toxicological  endpoint;  criteria  are  0.0010  ppb  In  water  based  on  a  maximum 
permissible  tissue  concentration  of  0-15  ppm  In  pelican  (Anderson  et  al- > 
1975).  The  aqueous  solubility  of  DDT  Is  0.006  mg/1. 

DDT  has  a  high  assimilation  efficiency  for  exposure  by  diet  or  inhalation. 

Is  persistent  In  the  environment,  and  Is  concentrated  In  aquatic  food  chains 
(EPA.  1980bb).  Absorption  through  skin  Is  minimal  (EPA.  1980bb).  The  half- 
life  In  soil  Is  3  to  10  years  (EPA.  1980bb). 

Metabolites  of  DDT  are  also  toxic  to  freshwater  aquatic  organisms;  acute 
toxicity  for  species  tested  occurs  at  concentrations  as  low  as  1.050  ppb  for 
DDE  (EPA.  1980bb).  Toxicity  of  DDE  may  be  greater  for  more  sensitive 
species.  Data  are  unavailable  for  chronic  exposures  for  this  metabolite. 
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5.1.10.1  AquaiicJEcasystfima 
Elaola 

DDT  has  effects  on  growth,  morphology,  and  photosynthesis  In  four  species  of 
algae  (Sodergren,  1968);  observed  water  concentrations  resulting  In  toxic 
effects  ranged  from  0.3  to  800  ppb.  In  another  study,  no  adverse  effects 
were  observed  at  concentrations  of  100,000  ppb  for  7  days  for  the  alga, 
Chlorella  pyrenoidosa  (Christie,  1969).  Aquatic  macrophytes  concentrate  DDT 
residues  by  factors  of  495  for  Scirpua  xalidus  to  21,580  for  Cladophota  sp. 
(Eberhardt  el  al. ,  1971). 

loyeilebrales 

In  general,  Invertebrates  are  more  sensitive  to  DDT  than  fish  (EPA,  1980bb). 
The  96-h  LC50  values  for  several  Invertebrate  species  at  15  to  21°C  range 
from  0-18  to  7.4  ppb,  while  the  48-h  EC50  values  for  Daphnia  magna  and 
Cypcldopsis  are  4-7  and  15  ppb,  respectively  (Johnson  and  Finley,  198C). 
Aquatic  Invertebrates  concentrate  DDT  residues  by  factors  of  1,947  for 
crayfish  to  12,500  for  a  composite  of  5  clam  species  (EPA,  1980bb). 

Eiah 

For  various  fish  species,  the  96-h  1050  values  at  18°C  range  from  1.5  ppb 
for  largemouth  bass  to  21.5  ppb  for  channel  catfish  (Johnson  and  Finley, 
1980).  The  chronic  toxicity  of  DDT  to  fathead  minnows  (0-74  ppb)  Is  65 
times  higher  than  acute  values  for  the  same  study  (48  ppb)  (Jarvlnen  el.  al- , 
1977).  Toxicity  Increases  slightly  with  temperature  Increases  (Johnson  and 
Finley,  1980). 

Sublethal  effects  such  as  enzyme  Inhibition  occur  In  fathead  minnow  for 
exposure  duration  of  266  days  to  0-5  ppb  DDT  (Desalah  el  al- ,  1975).  Other 
sublethal  effects  such  as  behavior  changes  occur  In  various  species  exposed 
to  concentrations  of  DDT  of  0-008  ppb  and  greater  (EPA,  1980bb). 

Bloconcentratlon  factors  for  fish  on  a  whole  body  basis  of  DDT  range  from 
17,500  for  green  sunflsh  (Lepcmla  cyanellus)  for  a  15-day  exposure,  to 
363,000  for  common  shiner  (tfatropia  coinulus)  (EPA,  1930bb). 
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Bloaccumulatlon  factors  based  on  field  data  range  from  11,607  for  rainbow 
trout  to  over  1,000,000  for  lake  trout  and  coho  salmon  (EPA,  1980bb). 

Dietary  contributions  are  a  more  Important  source  of  DDT  residues  than  water 
(Johnson  and  Finley,  1980). 

5.1-10.2  IfirrfistrialJEcQsyslfims 
Elanls 

DDT,  DDD,  and  DDE  are  found  In  grain,  leafy  vegetables,  and  fruits;  DDT  Is 
the  most  commonly  occurring  residue  (EPA,  1980bb).  In  one  study,  residues 
tended  to  be  higher  In  grasses  than  forbs  (Forsyth  ei  al- ,  1983)- 

iQvarlebcalea 

In  a  field  Investigation  where  1  kg/ha  was  applied,  earthworms  and  slugs 
accumulated  more  DDT  residues  than  other  Invertebrates  (Forsyth  et  al- , 
1983).  Carabld  beetles  did  not  accumulate  more  residues  than  prey,  and  may 
possibly  metabolize  DDT  readily-  Isopods  were  the  most  sensitive  organisms, 
and  were  nearly  eliminated  by  DDT  application.  The  ratio  of  DDT  In 
earthworms  as  compared  to  soil  was  5  on  a  dry  weight  basis-  By  assuming 
that  earthworms  are  95  percent  water  (Beyer  at  al- ,  1987),  the  concentration 
factor  Is  0-25  on  a  wet  weight  basis. 

Binds 

The  acute  oral  LD50  for  DDT  for  iLallard  duck  exceeded  2,2^0  mg/kg  bw;  ring- 
necked  pheasant  LD5()  was  1,33A  mg/kg  bw  (Hudson  at.  al- ,  198A).  Rock  dove 
was  the  most  reslstent  avian  species  tested  (LD50  values  for  DDT  were 
greater  than  4,000  mg/kg  bw)  and  California  quail  (Lophortyx  calilocnicus) 
was  the  most  sensitive  (LD5Q  values  for  DDT  were  595  mg/kg  bw)  (Hudson  at 
al-,  1984).  The  30-day  empirical  minimum  lethal  dose,  or  EMLD  (the  oral 
dose  resulting  In  one  or  two  deaths  within  30  days)  for  mallards  was  50 
mg/kg  bw/day  (Hudson  at  al- ,  1984). 

The  lower  lethal  levels  of  DDE  and  DDT  In  brain  for  osprey  are  250  and 
86  ppm  (wet  weight),  respectively,  while  hazardous  levels  In  brain  are 
estimated  as  80  percent  of  the  lethal  level,  or  200  ppm  DDE  and  69  ppm  DDT 
(Wlemeyer  and  Cromartla,  1981).  Corresponding  hazardous  carcass  levels  are 
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9,200  ppm  DDE  and  2,800  ppm  DDT  (Wlemeyer  and  Cromartle,  1981).  For  bald 
eagles,  DDE  residues  correlate  with  eggshell  thinning  and  reproductive 
failure  more  closely  than  other  contaminants  examined-  Reproductive  failure 
approached  100  percent  when  egg  residues  were  greater  than  15  ppm  on  a  wet 
weight  basis  (Wlemeyer  et  al-,  198A).  Reproductive  potential  for  bald 
eagles  was  nearly  normal  when  DDE  residues  In  eggs  were  less  than  or  equal 
to  3  ppm- 

DDT  at  AO  ppm  In  diet  resulted  In  a  10  percent  decrease  In  eggshell 
thickness  of  -Japanese  quail  (Stlckel  and  Rhodes,  1970)-  Another  study 
Indicated  no  adverse  effects  on  reproduction  for  Japanese  quail  at  dietary 
concentrations  of  AO  ppm  DDT  or  200  ppm  DDE,  although  two  quail  on  the 
AO  ppm  DDT  diet  had  tremors  (Davison  et  al-,  1976)-  By  using  dietary  Intake 
for  chickens  of  175  g/kg  bw/day  (Sax,  198A),  the  dietary  concentrations  for 
Japanese  quail  are  converted  to  doses  of  7  mg/kg  bw/day  for  DDT  and  35  mg/kg 
bw/day  for  DDE-  Japanese  quail  dosed  with  5  or  50  ppm  dletaryDDE  (0-875  or 
8-75  mg/kg  bw/day  (Sax,  198A))  for  12  weeks  were  more  sensitive  to 
subsequent  exposure  to  parathlon  or  paraoxon  (Ludke,  1977)-  For  a  9D-day 
exposure,  30  ppm  DDT  was  not  lethal  to  mallard  ducks  or  bobwhlte  quail; 
quail  exposed  to  DDT  for  60  days  at  100  ppm  survived,  and  no  signs  of 
Intoxication  or  eggshell  fanning  were  noted  (Hudson  el  al- ,  198A)-  Mallard 
ducks  fed  AO  ppm  DDE  (A  jg/kg  bw/day  (Sax,  198A))  for  96  days  laid  eggs  with 
shells  up  to  20  perce'-c  thinner  than  controls  (Haegele  and  Hudson,  197A), 
and  whole  body  DTi,  residues  were  33-1  ppm  (wet  weight)-  DDT  in  earthworms 
at  concentrations  of  32  ppm  Is  hazardous  to  sensitive  bird  species  (Beyer 
and  Gish,  1980).  DDE  at  levels  of  10  ppm  may  be  hazardous  to  raptors  (Beyer 
and  Gish,  1980)- 

Amerlcan  kestrels  concentrate  DDE  from  diet  by  factors  of  12  to  2A  ,  while 
black  ducks  accumulate  DDE  from  diet  by  factors  of  approximately  80  (Szaro, 
1978).  Concentrations  in  eggs  of  kestrels  and  black  ducks  are  12  and  25 
times  higher  than  In  diet  (Szaro,  1978)-  Kestrels  do  not  reach  equilibrium 
with  dietary  exposure  to  organochlorlnes  for  at  least  one  year,  while 
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domestic  species  of  birds  attain  equilibrium  in  shorter  time  periods 
(Welmeyer  el  al- »  1986)-  DDE  residue  half-life  in  birds  exceeds  200  daysi 
while  DDT  and  DDD  residues  decline  by  50  percent  in  28  and  2^  days> 
respectively  (Bally  el  al- »  1969). 

Uammals 

The  acute  oral  LD50  values  for  DDT  range  from  100  to  400  mg/kg  bw  for  rats 
(Negherboni  1959;  Hayes,  1963),  and  from  250  to  400  mg/kg  bw  for  rabbits 
(Pimentel,  1971).  The  1.050  for  mice  is  200  mg/kg  bw  (Pimentel,  1971).  Dogs 
are  more  sensitive,  as  Indicated  by  an  oral  LD50  for  DDT  of  60  to  75  mg/kg 
bw  (Pimentel,  1971).  Dietary  levels  of  5,  10,  and  50  ppm  DDT  (0.25,  0.5, 
and  2.5  mg/kg  bw/day)  caused  hepatic  cell  hypertrophy  (Laug  el  al- ,  1950), 
while  dietary  levels  of  600  and  800  ppm  caused  Increased  mortality  and 
decreased  weight  gain  In  rats  (Fltzhugh  and  Nelson,  1947).  Reproductive 
effects  In  rats  were  noted  In  a  chronic  study  at  concentrations  of  DDT  as 
low  as  2.5  ppm  In  diet  (Treon  and  Cleveland,  1955),  equivalent  to 
0-125  mg/kg  bw/day  (EPA,  1980bb).  The  subchronic  NOEL  for  rats  for  hepatic 
cell  hypertrophy  was  1  ppm  of  DDT  (0-05  mg/kg  bw/day)  in  diet  (Laug  el  al- , 
1950). 

In  a  field  study,  shrews  Blarina  sp-  and  Sorex  sp-  accumulated  whole  body 
DDT  residues  6-4  and  3.8  times  greater  than  those  in  diet,  respectively 
(Forsyth  at  al-,  1983).  Observed  concentrations  were  as  high  as  126-9  ppm 
in  Blarina  and  9.8  ppm  In  Borax,  correlating  with  higher  residues  In  Blarina 
diet  (earthworms)  as  opposed  to  Borax  (mixed  species  of  Invertebrates). 

Voles  (MicroLus  sp-)  feeding  primarily  on  grasses  and  forbs  had  lower  tissue 
concentrations  (6.8  ppm)  than  shrews  (Forsyth  el  al- ,  1983)- 

Acute  toxic  effects  include  CNS  symptoms  such  as  hyperexcltablllty , 
paralysis,  and  convulsions  (EPA,  1980bb) •  DDT  and  Its  metabolites 
concentrate  in  fat,  and  to  a  lesser  extent  in  reproductive  organs,  liver, 
kidney,  and  brain  (EPA,  1980bb).  Brain  concentrations  correlate  more 
closely  with  poisoning  In  mammals  than  concentrations  in  other  tissues  (EPA, 
1980bb);  brain  concentrations  of  287  ppm  on  a  lipid  basis  were  correlated 
with  tremors  In  rats  (Dale  et  al- ,  1963). 
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Rats  fed  purified  BDT  had  DDT.  BDD,  and  BDE  In  liver  at  a  ratio  of  3:5:1  six 
days  following  treatment ■  and  In  another  study  12  to  2A  h  following 
treatment,  the  ratio  was  3:3:1  (EPA,  1980bb).  Other  studies  Indicate,  more 
BBE  In  tissue  than  BBT  (Fang  el  ai- ,  1977). 

DDT  produces  Increased  tumor  Incidence  In  rats  and  mice,  and  Is  a  strong 
Inducer  of  the  mixed  function  oxidase  system  (EPA,  1980bb)-  DDT  can  affect 
reproductive  potential  In  mice  dosed  with  1  mg/kg  bw  (McLachlan  and  Dixon, 
1972),  rabbits  dosed  with  50  mg/kg  bw,  and  rats  dosed  with  200  mg/kg  bw 
(EPA,  1980bb). 

5.1.10.3  Quantificat.iQn_Qf_lQXic_£f feels 

The  EPA  criteria  for  the  protection  of  aquatic  organisms  and  their  uses  are 
used  to  represent  acceptable  water  concentrations  for  aquatic  life.  The  EPA 
chronic  criterion  for  protection  of  aquatic  life  Is  0-0010  ppb. 

Water  criteria  were  also  estimated  by  using  surface  water  Ingestion  and 
health  effects  data-  Reproductive  effects  are  observed  In  rats  chronically 
dosed  with  DDT  concentrations  of  0.125  mg/kg  bw/day,  while  the  subchronic 
NOEL  for  effects  on  liver  Is  0.05  mg/kg  bw/day.  The  more  sensitive 
toxicological  endpoint  Is  the  effect  of  DDT  on  liver  cells;  therefore,  the 
subchronic  NOEL  for  liver  cell  effects  was  used  to  estimate  a  water 
criterion  In  preference  to  the  higher  chronic  LOAEL  for  reproductive 
effects.  By  using  the  NOEL  for  liver  effects  and  the  water  consumption  for 
rats,  an  acceptable  water  concentration  Is  derived  as  follows: 

_ NOEL _  -  Qj.Q5_iDg/kg_hi£/,day  -  0.4  mg /I 

Water  Intake  0.125  1/kg  bw/day 

Dividing  by  an  uncertainty  factor  of  10  to  bring  the  subchronic  NOEL  Into 
the  range  of  a  chronic  NOEL,  and  5  for  Interspecles  variation,  an  acceptable 
water  concentration  of  0.008  mg/L  (8  ppb)  Is  estimated. 

Due  to  the  tendency  of  DDT/DDE  residues  to  Increase  with  trophic  level,  a 
Final  Residue  Value  was  calculated  by  EPA  (1980bb).  The  Final  Residua  Value 
Is  based  on  toxicity  of  DDT  to  brown  pelicans. 
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A  summary  of  the  acceptable  water  concentrations  (ppb)  for  DDT/'DDE  Is  as 
follows: 

EPA  Surface  Water  Final  Residue  Aquatic 

_  .Insfistion _  _ Value _  _ life _ 

0.0010  8  0.0010  fJA 

The  lowest  of  the  estimated  criteria.  0-0010  ppb-  Is  used  as  the  acceptable 
water  concentration  that  will  be  protective  of  all  wildlife  populations  at 
RMA. 

Because  DDT'DDE  residues  bloaccumulate.  a  Final  Residue  Value  was 
calculated  for  soil-  Soil  criteria  are  based  on  the  toxicity  data  for  small 
mammals  because  the  dietary  NOEL  for  small  mammals  (1  ppm)  Is  lower  th.m 
available  dietary  NOELs  for  birds-  Soil  Invertebrates  have  concentration 
factors  of  0-25  from  DDT  contaminated  soli-  Soil  criteria  are  calculated  as 
fol lows: 

MEIC  -  _i_ppo _ •  <•  ppm 

8AF  0.25 

The  acceptable  soil  concentration  of  DDT  protective  of  wildlife  populations 
at  RMA  Is  ppm. 

5.1.11  DICYCLOPENTADIENE  (DCPD) 

EPA  criteria  for  water  were  unavailable  In  the  literature  researched. 

Bentley  at  al.  (1976)  recommends  a  water  quality  criterion  of  0.5  ppm  based 
on  an  application  factor  of  0.05.  DCPD  Is  persistent  In  both  aquatic  and 
terrestrial  environments  (USAMBRDL.  1985). 

5.1.11.1  Aquatic.fcasyslans 
Plants 

DCPD  exposure  results  In  a  decrease  in  both  cell  numbers  and  chlorophyll  a 
(Bentley  et  al--  1976).  The  96-h  EC5g  for  several  algal  species  based  on 
cell  number  or  chlorophyll  a  reduction  ranged  from  31  to  greater  than 
1.000  ppm  (Bentley  et  al-.  1976). 
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Invectebcates 

The  /i8-h  LC5Q  values  for  several  macroinvertebrates  ranged  from  10-5  to  120 
ppm  (Bentley  et  al-«  1976)-  D-  fflagna  v.-as  the  most  sensitive  species  testedi 
and  the  mldgei  C-  tentans.  «as  the  least  sensitive  speclas  tested- 

Eish 

The  96-h  I.C50  for  blueglll.  channel  catfish,  fathead  minnow,  and  rainbow 
trout  were  23.3.  15.7.  31. 1.  and  15.9  ppm.  respectively  (Bentley  et  ai- . 
1976).  The  NOELs  for  the  above  species  for  a  96-h  exposure  were  13-0.  14.0. 
24.0.  and  10.0  ppm.  respectively-  The  maximum  BCF  was  53  (Bentley  et  ai-. 
1976).  USAMBRDL  (19351  estimates  BCF  values  as  high  as  143- 

5.1-11.2  lectesiriai.Ecusystens 
Blaats 

DCPO  Is  not  accumulated  to  a  great  extent  by  plants  grown  In  1-000  ppm 
solutions,  as  evidenced  by  concentration  factors  of  less  than  Ol-  although 
growth  reduction  was  observed  at  this  concentration  (USAMBRDL.  1935)- 

fiicds 

The  acute  oral  LD50  of  DCPD  for  birds  is  1.010  mg/kg  bw  (NIOSH.  19S4)t  an 
oral  LD5Q  for  mallard  ducks  exceeds  40-000  mg/kg  bw  (Aulerlch  et  al--  1979). 

Uatamals 

DCPD  Is  toxic  to  rats  by  oral  routes,  but  other  organisms  do  not  appear  as 
sensitive-  The  acute  oral  LD50  values  for  rats  and  mice  are  353  mg/kg  bw 
and  1-041  mg/kg  bw,  respectively  (NIOSH,  1984).  The  acute  oral  LD50  for 
cattle  Is  1.200  mg/kg  bw  (NIOSH.  1984).  No  teratologlcal  effects  were 
observed  In  rats  following  subchronic  dietary  exposures  of  80  or  750  ppm 
(estimated  to  be  6  or  56-25  mg/kg  bw/day  (Sax.  1984))  for  three  generations 
(Hart.  1980). 

In  a  3-month  study  with  dogs  fed  dietary  concentrations  of  100.  300  and 
1.000  ppm  (estimated  doses  of  25.  7.5.  and  25  mg/kg  bw/day  (Sax,  1984)),  no 
toxic  effects  on  clinical  chemistry  were  observed  (Hart.  1980)-  However. 
Intestinal  distress  occurred  In  all  treated  dogs-  especially  at  the  1.000 
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ppm  cone#  itrat Ions.  Cue  to  lacli  of  data  reported,  the  Intestinal  effects  on 
dogs  cannot  be  further  quantified-  No  effects  were  observed  folloul.ig 
subchronic  dietary  exposure  of  alee  to  273  ppm  (estimated  dose  of  32-76 
Bg/kg  bw/day  (Sax.  ISSi.))  (USAM8R0L.  1985). 

The  LCj_o  for  rats  for  Inhalation  is  500  ppra/<i-h  (NIOSH.  198'i). 

No  mortality  was  observed  for  rats  for  15  dally  exposures-  6-h/day.  at 
concentrations  of  100  ppm.  or  for  10  dally  exposures  to  72  and  (‘.b  ppm 
(ACCIH.  1986).  Mortality  was  observed  for  10  dally  exposures  by  Inhalation 
of  332  ppm  for  rata,  and  at  72  and  l<i6  ppm  for  mice  (ACCIH.  1986)-  Toxic 
effects  Include  eye  Irritation,  loss  of  coordination,  and  In  fatal  cases- 
convulsions  preceded  death  (ACCIH.  1986).  Dogs  exposed  by  Inhalation  to  9. 
23.  and  32  ppm  had  no  dose-related  changes  In  Internal  organs,  and  minimal 
biochemical  changes  (ACCIH.  1986). 

For  rabbits-  DCPD  produces  Irritation  on  contact  with  skin  at  concentrations 
of  9-3  to  10  ng.'2k-h  (NIOSH.  198;.).  The  IDjq  for  dermal  exposure  of  rabbits 
Is  5.030  mg/kg  bw  (NIOSH.  193«). 

5.1-11.3  Quaali£lcailaa,a£.Ioslc.££l8Cl3 

EPA  criteria  are  unavailable  for  DCPO-  The  lowest  acute  value  was  the  LC50 
for  the  aquatic  organism  D-  taagea  (10.5  ppm).  Chronic  data  are  unavailable: 
therefore,  an  acute-chronic  ratio  cannot  be  calculated-  An  uncertainty 
factor  of  10^  Is  applied  to  yield  an  acceptable  water  concentration  of  0-105 
mg '  1  (100  ppb) ■ 

Water  criteria  were  also  estimated  for  surface  water  consumption. 

Subchronic  dietary  NOELs  for  dogs  are  reported  as  high  as  l.OOO  ppm 
(25  mg/kg  bw/day);  however.  Intestinal  distress  was  evident  .at  .ill 
concentrations  tested-  This  Indicates  that  the  reported  NOEL  values  n-iy  not 
have  considered  appropriate  toxicological  endpoints:  therefore,  i he  LOAEl. 
for  dogs  of  100  ppm  (2-5  mg/kg  bw/day)  w.is  selected  to  represent  toxicity. 

By  using  the  subchronic  LOAEL  for  dogs  and  a  water  consumption  r.ite  for  dogs 
of  0-05  l/kg  bw/day.  the  acceptable  water  concentration  becomes; 

..LOAEL _  •  2j.5.3g/kg_bw/.day  -  50  mg/ 1 

Water  (make  0-05  l/kg  bw/d.iy 
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Uncertainty  factors  of  50  to  bring  the  subchronic  LOAEL  Into  the  range  of  a 
chronic  NCEL.  and  5  for  Interspecific  variation,  yield  an  acceptable  water 
concentration  of  0-2  ag/1  (200  ppb)- 

DCPD  does  not  bloaccuoulaie  to  a  significant  extent  as  Indicated  by  measured 
BCF  values  of  53:  therefore.  Final  Residue  Value  calculations  were  not 
performed-  A  summary  of  the  acceptable  water  concentrations  (ppb)  for  DCPD 
Is  as  follows: 


EPA 

Surface  Water 

Final  Residue 

Aquat  Ic 

-Ingestloa _ 

_ Value _ 

J.l£e__ 

NA 

200 

NA 

100 

The  lower  of  the  estimated  criteria-  100  ppb.  Is  used  as  the  acceptable 
water  concentration  that  will  be  protective  of  all  wildlife  populations  at 
RMA-  Due  to  the  lack  of  data,  this  estimate  Is  highly  uncertain. 

Soil  criteria  were  based  on  the  toxicity  to  plants  of  1.000  ppm-  An 
uncertainty  factor  of  10  was  applied  to  bring  the  LOAEL  Into  the  range  of  an 
NOEL  to  yield  a  soil  criterion  for  DCPD  of  100  ppm- 

5-1-12  OIISOPROPVL-'liTHYLPHOSPHCNATE  (DIM?) 

EPA  water  quality  criteria  for  the  protection  of  aquatic  organisms  are 
unavailable-  A  water  quality  criterion  of  12-5  ppm  Is  recommended  based  on 
the  toxicity  of  DIMP  to  bluegtll  (Bentley  et  al-.  1976).  The  aqueous 
solubility  of  DIMP  Is  1.500  mg/1,  and  It  decays  by  hydrolysis  with  a  half-- 
life  of  530  years  at  lO^C- 

5-1-121  AquaLlc.EcosysLesis 

A  study  by  Bentley  el  ai-  (1976)  indicated  acute  toxicity  to  aquatic 
organisms  ranged  from  257  to  6.322  mg/l  DIMP.  Blueglll  were  the  nwst 
sensitive  organisms-  as  Indicated  by  a  96-h  1050  of  257  mg/l  at  25°C. 

5-1-12-2  lecresiriai.Ecosysieas 
Plants 

Plants  exposed  to  10  mg/l  DIMP  In  a  nutrient  solution  exhibited  a  slight 
amount  of  leaf  burn  and  leaf  chlorosis  (O' Donovan  and  Woodward.  1977). 
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Plants  Irrigated  for  6A  days  with  a  total  of  15  liters  of  water  containing 
20  og/l  DIM?  (300  ng  total  OIHP  applied  to  soil)  exhibited  no  affects,  while 
foliar  damage  was  observed  at  water  concentrations  of  50  mg/1  (O'Donovan  and 
Woodward.  1977). 

Birds 

The  effects  of  DIMP  on  mallards  and  bobwhlte  quail  have  been  investigated 
(Aulerlch  et  ai- •  1979).  The  acute  oral  1050  values  for  mallard  and  quail 
are  l.<«90  and  1.000  ng/kg  bw,  respectively.  In  8-day  subacute  feeding 
studies,  mallard  ducks  receiving  3.200  ppm  or  more  exhibited  decreased  feed 
consumption:  mortality  was  not  observed  even  at  the  highest  dose  level  of 
16.000  ppm  (  2.062.'i  mg/kg  bw/day).  In  2‘t-week  feeding  studies  ducks 
receiving  10.000  ppm  In  diet  exhibited  decreased  egg  production.  In 
subacute  studies  with  quail,  feed  consumption  decreased  at  dietary  levels  of 
16.000  to  36.000  ppm  (2.635  to  4.932.9  mg/kg  bw/day).  In  chronic  studies 
(29-week),  high  mortality  occurred  at  dietary  concentrations  of  3.800  and 
12.000  ppm;  egg  production  decreased  at  levels  of  1.200  ppm  as  compared  to 
controls. 

Tissue  residue  studies  with  duck  and  quail  Indicated  little  tissue 
accumulation  of  DIMP  residues-  By  day  five  posttreatment .  all  tissues 
except  skin  were  free  of  residues-  Birds  dosed  at  100  mg/kg  bw  had  tissue 
residues  as  high  as  756  ppm  two  hours  following  dose  administration. 

Residues  decreased  rapidly  with  a  half-life  of  12.7  hours,  and  at  65  hours 
tissues  were  free  of  DIMP  residue- 

Mamtaals 

The  acute  oral  LD5Q  for  mink  Is  503  mg.'kg  bw.  about  half  of  that  observed 
for  birds  (Aulerlch  el  ai-.  1979).  For  dietary  exposures  of  21  days,  the 
LC5g  was  estimated  to  be  greater  th-an  10.000  ppm.  For  a  21-d3y  ingestion  by 
mink,  animals  receiving  10.000  ppm  (1,651-9  mg/kg  bw/day)  In  diet  had 
decreased  hematocrits,  lower  numbers  of  lymphocytes,  and  Increased 
aggressive  behavior.  Male  mink  fed  diets  containing  1.000  ppm  (201-2  mg/kg 
bw/day)  had  decreased  lung  weights:  at  10-000  ppm.  decreased  heart  ,  kidney . 
l:jng,  and  liver  weights  were  observed-  Chronic  Ingestion  of  DIMP  for  12 
months  at  concentrations  ranging  from  50  to  450  ppm  (10-93  to  95-06  mg/kg 
bw/day)  caused  incre.ased  mort,allty  (17  to  29  percent)  In  female  mink- 
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Inconsistent  dose-response  effects  •-ere  observed  at  the  lower  dietary 
concentrations-  In  the  21-day  study,  levels  of  1  ppm  (0-20  mg/kg  bw/day)  In 
diet  of  female  mink  for  21  days  resulted  In  decreased  kidney  weights, 
although  higher  concentrations  did  not  produce  a  similar  effect.  At  dose 
levels  of  10  ppm.  decreased  numbers  of  lymphocytes  were  observed  In  both 
sexes,  while  no  effect  on  lymphocytes  was  noted  at  100  ppm  (17.159  mg/kg 
bw/day).  In  the  chronic  study,  no  effects  were  observed  on  organ  -eights  or 
blood  chemistry  at  dose  levels  ranging  from  50  to  ‘•SO  ppm.  Because  of  the 
Inconsistencies  In  the  results  at  the  1  and  10  ppm  concentrations.  100  ppm 
Is  considered  the  acceptable  NOEL  for  the  21-day  study,  and  50  ppm  the  LDAEL 
for  the  chronic  study. 


5.1-12.3  Quant ilicai ion _ot_IC!sic- Effects 

EPA  criteria  and  LOAEL  data  are  unavailable;  therefore,  criteria  were 
established  using  the  lowest  acute  value  for  blueglll  of  257  mg/1  and  an 
uncertainty  factor  of  10^-  The  acceptable  water  concentration  protective  of 
aquatic  life  is  2-57  mg ' 1  (2.570  ppb). 

Water  criteria  are  also  estimated  by  using  surface  ‘water  consumption  and 
health  effects  data.  The  chronic  LOAEL  was  10-95  mg/kg  bw/day  for  female 
mink.  Assuming  that  water  cons-jmptlon  for  mink  Is  similar  to  a  domestic  cat 
(0-05  ral/kg  bw/day:  Sax.  193-).  and  that  all  Ingested  DIHP  comes  from  'water 
consumption,  the  acceptable  water  concentration  becomes: 

_ LOAEL _  «  iQi2a_ngfkg_baiday  ■  219.6  mg/l 

Water  Intake  0  05  l/kg  b-’/day 


Using  an  uncertainty  factor  of  5  to  bring  the  chronic  LOAEL  Into  the  range 
of  a  NOEL,  and  5  (or  Interspecific  variation,  an  acceptable  water 
concentration  of  3  73  mg/l  <8.300  ppb)  Is  estlm-ited- 

There  Is  no  Indication  that  DIMP  bloaccumulates  to  a  significant  extent: 
therefore.  Final  Residue  Value  calculations  were  not  performed-  A  summary 
of  the  acceptable  water  concentrations  (ppb)  for  DIMP  Is  as  follows: 
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£"*.  Surface  Water  Final  Residue  Aquatic 

_  _In<£sliQD _  _ ]faiue _  -Lile — 

4A  8.800  NA  2.570 


T'^ie  lower  of  the  estimated  criteria.  2.S70  ppb.  Is  used  as  the  acceptable 
.^ater  concentration  that  will  be  protective  of  all  wildlife  populations  at 
RMA.  Due  to  the  lack  of  data*  this  estimate  Is  highly  uncertain- 

Soil  criteria  were  calculated  using  the  following  formula,  and  the  NOEL  for 
3IMP  In  irrigation  water  for  plants  (O'Donovan  and  Woodward.  1977, 
RIC-81335R08). 

Cg  - 

(Wg)  (UF) 

where:  Cg  •  concentration  In  soil  (mg/kg), 

0  ■  total  amount  of  OIHP  applied  to  soil  (300  mg). 

UF  •  uncertainty  factor, 

NVP  ■  nonvolat lllzed  percentage  (0-73).  and 
Wg  ■  weight  of  soli  (kg) 

Plants  were  grown  In  3-gal  containers-  Soli  weight  was  estimated  by 
assuming  that  3  gal  of  soli  was  used,  and  that  the  soil  In  each  container 
weighed  1-3  g/cm^.  for  a  total  soil  weight  of  IL-S  kg-  An  uncertainty 
factor  was  not  applied  because  the  Q  value  represents  a  NOEL.  The  .VP  was 
calculated  from  data  presented  by  O’Donovan  and  Woodward  (1977, 

RIC»31353R03)  where  water  was  applied  to  DIMP  contaminated  soils  at  regular 
Intervals,  and  soil  concentrations  tested-  The  acceptable  soil 
concentration  was  determined  to  be  15-8  mg/kg  DIMP- 

5-1-13  DIMETH’/LMET’riYL  PHOSPHONATE  (DMMP) 

EPA  criteria  for  the  protection  of  aquatic  organisms  and  their  uses  for  DMMP 
are  unavailable-  The  half-life  of  DHMP  In  water  Is  13  years  at  1 
(Bel 'skit  et  al-.  1969).  DUMP  Is  soluble  In  water  and  has  a  low  vapor 
pressure-  Therefore,  leaching  into  groundwater  with  no  significant 
volatilization  Is  to  be  expected  (Kuzhlkala  1 1  >  197:.). 
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5. 1-13.1  Aquaric-EcQS^sieas 
Eiants 

No  Information  was  available  In  the  literature  revieved- 

Inveclebcaiea 

No  Information  was  available  In  the  literature  reviewed. 

£ish 

The  96-h  I.C5QS  for  blueglll  and  fathead  minnow  were  51  and  53  ppm. 
respectively  (Department  of  the  Army,  1976). 

5.1.13.2  leccestclal.EcQsystems 
Eianls 

No  Information  was  available  In  the  literature  reviewed. 

Ia'.^eri.ebca!.es 

In  a  study  by  Penman  and  Osborne  (1976),  bean  leaf  discs  were  dipped  Into 
DMMP  in  an  ethanol  and  water  mixture  then  fed  to  female  two-spotted  spider 
mites  (leiranychua  uctlcae).  At  the  lowest  dose  of  1.5  percent  DUMP,  there 
was  a  significant  reduction  In  the  number  of  eggs  hatched. 

Birds 

Intraperltoneal  injections  of  50  mg/kg  bw/day  DMMP  for  10  days  caused  no 
delayed  neurotoxlcologlcal  effects  in  hens  (Holllngshaus  et  ai- •  1931). 

Maamals 

DMMP  is  not  acutely  toxic  to  mammals  as  indicated  by  oral  LD50  value.s  for 
rats  and  mice  that  exceed  6.810  mg/kg  bw  (Dynamac,  1933).  When  administered 
subchronlca 1 ly  by  oral  gavage.  DMMP  caused  100  percent  mortality  In  rats  at 
dose  levels  of  ^.000  mg/kg  bw/day  for  a  5-day  week  (Litton  Blonetlcs.  1981). 
The  lethal  LOAEL  for  male  rats  was  2.000  mg/kg  bw,  and  the  LOAEL  for  female 
rats  was  250  mg/kg  bw.  Subchronic  LOAELs  for  both  male  and  female  mice  were 
<«,000  mg/kg  bw/day  for  a  5-day  week  (Litton  Blonetirs,  1979). 

Reproductive  effects  ware  observed  in  subchronic  tests  with  male  rats  at 
dose  levels  of  250.  500,  1,000,  and  2,000  mg/kg  bw/day  (Dunnlck  ai  al-. 
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1983).  Effects  Included  decreased  sperm  count  and  sperm  motility,  as  •-ell 
as  Increased  embryo  resorption  In  females  bred  to  treated  males. 

DHMP  has  central  nervous  system  effects  In  rats  and  mice:  weak 
cholinesterase  Inhibition  has  been  observed  (Dynamac.  1983). 

5- 1-13. 3  QuantiIicatlGn_ot_Ioxic_Effects 

EPA  criteria  are  unavailable-:  therefore,  the  lowest  acute  value  (51  ppm)  is 
divided  by  an  uncertainty  factor  of  10^  to  yield  an  acceptable  water 
concentration  of  0.51  ppm  (510  ppb). 

Water  criteria  are  also  estimated  for  toxicity  due  to  consumption  of 

contaminated  surface  water.  The  subchronic  lOAEL  for  reproductive  effects 

and  lethality  In  rats  Is  250  mg/kg  bw/day-  From  a  water  consumption  rate 

for  rats  of  0.125  1/kg  bw/day  and  the  LOAEL  for  rats  an  acceptable  water 

concentration  Is  calculated  as  follows: 

_ 1.QAEI. _  •  .25Q_ngtkg_boiday  -  2.000  mg /I 

Water  Intake  0-125  1/kg  bw/day 

Applying  an  uncertainty  factor  of  50  to  convert  the  subchronic  LOAEL  to  a 
chronic  NOEL,  and  an  uncertainty  factor  of  5  for  Interspecific  variation,  an 
acceptable  water  concentration  of  3  mg/1  (5000  ppb)  Is  derived. 

There  Is  no  Indication  that  DMMP  significantly  bloaccuraulates :  therefore,  a 
Final  Residue  Value  was  not  calculated.  A  summary  of  the  acceptable  water 
concentrations  (ppb)  for  DKMP  Is  as  follows: 

EPA  Surface  Water  Final  Residue  Aquatic 

-  — Ingestion _ Jfalue _  _ Lile 

NA  8000  NA  510 

The  lower  of  the  estimated  criterion.  510  ppb.  Is  used  as  the  acceptable 
water  concentration  that  will  be  protective  of  all  wildlife  populations  at 
RMA.  Due  to  the  lack  of  available  data  this  estimate  Is  highly  uncertain. 
Soil  criteria  could  not  be  estimated  due  to  Insufficient  data. 
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5.1.1m  DITHIANE 

EPA  criteria  for  the  protection  of  aquatic  organisms  for  dlthlane  are 
unavailable  In  the  literature  reviewed.  Dlthlane  Is  an  Impurity  In  mustard 
(Berkowltz  and  Rosenblatt.  1932.  RIC«320^2r07)  that  Increases  with  time. 
Indicating  that  dlthlane  Is  formed  from  mustard  gas  rather  than  being  a 
by-product  of  mustard  preparation  (Bell  et  al. .  1927).  At  ambient 
temperatures  It  exists  as  a  white,  crystalline  solid  (Karsh  and  McCullough. 
1951:  Klrner.  19^6).  is  soluble  In  water,  and  has  a  low  octanol /water 
partition  coefficient  of  Uk  (Berkowltz  et  ai.  .  1973a.  RIC»«82166R03) . 
Dlthlane  Is  readily  oxidized  to  sulfoxides  and  sulfones  when  exposed  tp  the 
atmosphere  (Schroyer  and  Jackman.  19A7).  The  presence  of  water  facilitates 
photo-oxldatlon  to  the  sulfoxide  (Foote  and  Peters.  1971).  Dlthlane 
contains  nutrient  elements  carbon  and  sulfur,  and  therefore  may  be  subject 
to  biodegradation  (Berkowltz  at  al..  1978a,  RIC"81266R03) .  Little 
blomagnl f Icat Ion  Is  expected  based  on  the  estimated  oct anol /wa t er  partition 
coefficient  (Berkowltz  et  ai..  1973a.  RIC«31266R03). 

S.l-li.l  Aquatic-Ecosystems 

No  Information  regarding  the  toxicity  of  dlthlane  was  available  In  the 
literature  reviewed- 

5-l.lt.2  leccestziai-Ecosystems 
Eiaots 

No  Information  regarding  the  toxicity  of  dlthlane  was  available  In  the 
literature  reviewed. 

lavectebcates 

No  Information  regarding  the  toxicity  of  dlthlane  was  available  In  the 
literature  reviewed- 

Birds 

No  Information  regarding  the  toxicity  of  dlthlane  was  available  In  the 
literature  revlewed- 
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Uaomals 

In  a  study  by  Mayhew  and  Muni  (1986).  male  and  female  rats  were  given 
dlthlane  by  oral  gavage-  1-^50  values  for  male  and  females  were  3.680  and 
2.767  mg/kg  bw,  respectively.  Toxic  effects  Included  crusty  eyes  and 
muzzle,  hyperactivity,  muscle  tremors,  red  stained  fur  around  the  e' 
emaciation,  lethargy,  few  or  no  stools,  ataxia,  squinting,  pros'.fi'.  ion, 
lacrlmatlon,  Irregular  breathing,  damp  fur.  and  stained  fur  In  che  perianal 
region.  Necropsy  results  In  rats  that  died  showed  discoloration  of  the 
lung,  small  Intestine,  stomach,  and  liver-  Gastrointestinal  contents 
appeared  as  a  dark,  thick,  red  and/or  white  fluid-  In  a  90-day  study  by 
Schlefersteln  (1986),  rats  were  given  0,  105,  210.  and  ^,20  mg/kg  bw/day 
dlthlane  by  oral  gavage.  At  the  high  dose,  female  liver  and  male  kidney 
weights  were  significantly  heavier  and  renal  lesions  were  observed-  At  105 
rag/kg  bw'day,  7  percent  of  the  males  and  33  percent  of  the  females  exhibited 
crystalline  nasal  deposits- 

5. 1 .  !<• .  3  Quaoii£icaliQa_Q£_lQ:^i^_£Ilscls 

EPA  criteria  are  unavailable,  and  aquatic  life  data  were  unavailable  In  the 
literature  reviewed;  therefore,  an  acceptable  water  concentration  could  not 
be  calculated  for  the  protection  of  aquatic  life- 

By  using  the  subchronic  LOAEL  for  rats  and  the  water  consumption  rate  for 
rats  of  0-125  1/kg  bw/day.  the  acceptable  water  concentration  becomes: 

_ LQAEL _  -  iQ5_ng£kg_bH£day  -  3^.0  mg/1 

Water  Intake  0-125  1/kg  bw/day 

Uncertainty  factors  of  50  to  bring  the  subchronic  LOAEL  Into  the  range  of  a 
chronic  NOEL,  and  5  for  Interspecific  variation,  yield  an  acceptable  water 
concentration  of  3-36  mg/1  (3-360  ppb). 

There  Is  no  Indication  that  dlthlane  bloaccumulates  to  a  significant  extent: 
therefore,  Final  Residue  Value  calculations  were  not  performed-  A  summary 
of  the  acceptable  water  concentrations  (ppb)  for  dlthlane  is  as  follows: 
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EPA  Surface  Water  Final  Residue  Aquatic 

_  -Ingestion _  _ Kalue _  — L1Ie_ 

NA  3.360  NA  NA 

The  only  estimated  criterion.  3.360  ppb.  Is  used  as  the  acceptable  water 
concentration  that  will  be  protective  of  all  wildlife  populations  at  RMA. 

Due  to  the  lack  of  data,  this  estimate  is  highly  uncertain,  and  may  not  he 
protective  for  aquatic  organisms- 

Soli  criteria  for  dlthlane  could  not  be  established  at  this  time  due  to 
Insufficient  data- 

5.1.15  ETHYLBENZENE 

Acute  toxicity  to  freshwater  aquatic  life  occurs  at  an  ethylbenzene 
concentration  In  water  as  low  as  32  ppm  (EPA.  1930d).  No  chronic  freshwater 
data  are  available  (EPA.  1980d).  The  water  solubility  Is  1-52  x  10^  (EPA. 
1985k) . 

The  half-life  of  ethylbenzene  In  air  Is  35  hours  (NAS.  1930).  In  water  the 
half-life  Is  estimated  to  range  from  1.5  to  7.5  days  (EPA.  198Lf)!  half-life 
has  not  been  determined  for  soli.  Evaporation  Is  expected  to  be  the 
predominant  loss  mechanism  from  the  soli  surface  (EPA.  1980d). 

The  estimated  bloconcentrat ion  factor  for  aquatic  organisms  containing 
7.6  percent  lipids  Is  95  (EPA.  1980d). 

5.1.15.1  Aquatic. fcQsysLeas 

Elaots 

For  the  alga.  Seienastrun  capcicornatum.  the  96-hr  EC5Q  causing  a  reduction 
in  cell  numbers  and  chlorophyll  a  production  Is  433.000  ppb  ethylbenzene 
(EPA.  1930d). 

iDvectebtates 

The  LC50  for  D-  nagna  exposed  to  ethylbenzene  Is  75.000  ppb  (EPA.  1978).  A 
reported  bloconcentrat ion  factor  for  the  clam.  lapes  seoidscussata >  is  4.7 
(Nunes  and  Benvllle.  1979). 
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£ish 

LC5Q  values  for  goldfish,  fathead  minnow,  and  guppy  are  9A,/t/(0.  <i2.330  to 
68.510.  and  97,100  ppb,  respectively  (Plcherlng  and  Henderson.  1966).  Two 
different  toxicity  studies  with  bluegllls  Indicate  LC50  values  of  32.000  ppb 
(Plclterlng  and  Henderson.  1966)  and  155.000  ppb  (EPA,  1978),  or  geometric 
mean  value  of  70.600  ppb- 

5.1.15.2  lerceslcial.EcQsysiems 

Elams 

No  Information  regarding  the  toxicity  of  ethylbenzene  was  available  in  the 
literature  reviewed. 

Inxemebcates 

No  Information  regarding  the  toxicity  of  ethylbenzene  was  available  In  the 
literature  reviewed. 

Sleds 

No  Information  regarding  the  toxicity  of  ethylbenzene  was  available  in  the 
literature  reviewed- 

Mammals 

Ingestion  of  ethylbenzene  has  been  reported  to  cause  effects  similar  to 
those  produced  by  Inhalation  (Wolf  et  al- •  1956).  Acute  toxicity  symptoms 
Include  coordination  disorders,  narcosis,  convulsions,  pulmonary  Irritation 
and  conjunctivitis  (Ivanov.  1962).  Target  organs  for  acute  exposure  are 
primarily  the  central  nervous  system  and  lungs  (Smyth  et  ai--  1962;  Faustov. 
1953.  I960)-  In  research  by  Wolf  et  al-  (1956).  the  acute  oral  LD50  In  rats 
was  determined  to  be  3.500  mg/kg  bw.  Another  study  found  the  LD50  for  male 
rats  orally  exposed  to  ethylbenzene  to  be  ;..730  mg/kg  bw.  for  female  rats 
exposed  through  Inhalation  the  LC50  was  <4,000  ppm  In  <4  hours,  and  for  male 
rabbits  exposed  dermally  the  1.1)50  17.800  mg/kg  bw  (Smyth  el  ai-  -  1962). 

In  research  by  Wolf  al  al-  (1956).  target  organs  for  chronic  exposures  to 
ethylbenzene  were  liver  and  kidney-  Rats  exposed  orally  to  608  mg/kg  bw/day 
for  5  days/week  for  6  months  exhibited  Increased  liver  and  kidney  weights, 
and  cloudy  swelling  In  hepatocytes  and  renal  tubular  epithelium.  When  rats 
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were  exposed  to  air  concentrations  of  <<00  ppm  for  7  hr/day  for  5  days/week, 
a  slight  Increase  In  liver  and  kidney  weight  occurred-  Rabbits  and  rhesus 
monkeys  showed  slight  testicular  degeneration  at  ambient  air  concentrations 
of  600  ppm  for  a  7  hr  day  for  186  days-  The  NOEL  for  guinea  pig.  rabbit  and 
rhesus  monkey  for  exposure  via  Inhalation  was  200  ppm- 

In  Inhalation  studies  with,  rats  and  rabbits  by  Hardin  et  ai-  (1981  ),  100  ppm 
ethylbenzene  caused  a  significant  reduction  in  the  number  of  live  kits  per 
litter  In  rabbits  and  a  high  Incidence  of  extra  ribs  In  rats-  No  maternal 
toxicity  was  observed  at  this  level-  At  1.000  ppm  via  Inhalation,  maternal 
health  effects  observed  In  rats  were  Increased  liver,  kidney,  and  spleen 
weight- 

5.1-15.3  Quantif icaLiQn_Qf_lQaic_£ffecLs 

EPA  criteria  were  unavailable:  therefore,  the  lowest  acute  value  reported  by 
EPA  (32-000  ppb  reported  as  the  LC50  for  blueglll)  was  used  to  calculate  a 
water  criterion-  An  acute-chronic  ratio  could  not  be  calculated  due  to  lack 
of  chronic  toxicity  data-  An  uncertainty  factor  of  10^  was  applied  to  yield 
an  acceptable  water  concentration  of  320  ppb- 

An  acceptable  water  concentration  based  on  surface  water  Ingestion  was 
calculated  by  using  the  chronic  LOAEL  for  rats  and  the  water  consumption 
rate  for  rats  of  0125  1/kg  bw/day,  the  acceptable  water  concentration 
becomes ; 

.LOAEL _ -  kQa.mgZkg.bViLdajc.  -  3.26t4  mg/1 

Water  Intake  0-125  1/kg  bw/day 

Uncertainty  factors  of  5  to  bring  the  chronic  LOAEL  Into  the  range  of  an 
NOEL,  and  5  for  Interspecific  variation  yield  an  acceptable  water 
concentration  of  130  mg/1  (130.000  ppb)- 

There  Is  no  l.idlcatlon  that  ethylbenzene  bloaccumulates  to  a  significant 
extent:  therefore,  Final  Residue  Value  calculations  were  not  performed-  A 
summary  of  the  acceptable  water  concentrations  (ppb)  for  ethylbenzene  Is  as 
fol lows : 
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EPA  Surface  Water  Final  Residue  Aquatic 

_  .IngfistiQQ _  _ Value _  _ Lile_ 

320  130.000  NA  NA 


The  lower  of  the  estimated  criterion.  320  ppb.  Is  used  as  the  acceptable 
water  concentration  that  will  be  protective  of  all  wildlife  populations  at 
RMA-  Due  to  the  lack  of  data,  this  estimate  Is  highly  uncertain- 

Soil  criteria  could  no:  be  estimated  due  to  lack  of  data- 

5-1-16  HEPTACHLOR/HEPTACHLOR  EPOXIDE 

Criteria  for  the  protection  of  aquatic  organisms  are  00038  ppb  as  a  2i4-hr 
average,  not  to  exceed  0053  ppb  at  any  time  (EPA-  1930dd)-  The  Final  Acute 
Value  Is  0-52  ppb:  Insufficient  data  exist  to  calculate  a  Final  Chronic 
Value  (EPA,  1930dd).  WHO  has  established  an  acceptable  dally  Intake  level 
from  diet  of  0-5  mg/..g  bw/day  (NAS.  1977)-  Separate  criteria  are 
unavailable  for  heptachlor  epoxlde- 

The  half-lives  of  heptachlor  and  heptachlor  epoxide  In  soli  are  6  months 
(EPA.  1937h)  and  approximately  3  years  (Beyer  and  Clsh.  1980).  respect Ively- 
The  aqueous  solubility  of  heptachlor  Is  56  ppb  at  25°C-  Volatilization  Is  a 
major  route  of  loss  of  heptachlor  from  treated  surfaces,  plants  and  soils 
(Nlsbet.  1977). 

Heptachlor  Is  metabolized  to  heptachlor  epoxide:  epoxldatlon  represents  an 
activation  reaction,  and  heptachlor  epoxide  Is  the  stored  product  (Casarett 
and  Doull.  1930)-  The  epoxide  Is  equally  or  more  toxic  than  the  parent 
compound,  and  can  be  further  metabolized  to  a  more  hydrophilic  compound  and 
excreted  (Casarett  and  Doull,  1980)-  Studies  relating  the  toxicity  of 
heptachlor  to  heptachlor  epoxide  Indicate  heptachlor  Is  2  to  times  more 
toxic  than  heptachlor  epoxide  when  given  Intravenously  to  mice  (Radomskl  and 
Davldow,  1953)  and  10  times  more  toxic  In  dairy  calves  when  given  orally 
(Buck  fit  al- ,  1959). 
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5.1.16.1  Aquatic-Ecosystems 
Elants 

The  mean  £050  for  heptachlor  In  the  alga  Selecastcuo  capc'CQCOatua  Is 

33.1  ppb  (Call  and  Brooke.  1930).  Most  algal  species  tested  exhibited 
growth  reduction  when  exposed  to  10  ppb  heptachlor  (O'Kelley  and  Deasoni 
1976).  In  a  field  study,  plankton  and  algae  bioconcentrated  heptachlor  and 
heptachlor  epoxide  residues  by  a  factor  of  183  (Hannon  et  ai..  1970). 

Icvectebcates 

The  26-hr  LC5()  values  for  heptachlor  and  heptachlor  epoxide  In  Daphnia  ocgna 
are  52  and  120  ppb.  respectively  (Frear  and  Boyd.  1967).  Other  LCjq  values 
In  12  Invertebrate  species  range  from  0.9  ppb  in  EtecQnacceiia  badia  to  80 
ppb  in  Simocephalus  seccuiatus.  with  a  geometric  mean  value  of  13-3  ppb 
(EPA.  1980dd). 

Eish 

LC50  values  for  fish  range  from  10-0  ppb  in  rainbow  trout  to  320  ppb  In 
goldfish  (EPA.'  19s0dd).  In  a  cO-wk  study  with  fathead  minnows.  I-Sm  ppb 
heptachlor  was  lethal  to  ICO  percent  of  the  population  after  60  days.  At  a 
concentration  of  0-36  ppb  and  lower,  no  adverse  effects  were  observed  (Macek 
et  ai..  1976).  Bluegllls  fed  0  to  25  mg/kg  bw/day  heptachlor  had  dose- 
related  growth  decreases  at  concentrations  greater  than  5  mg/kg  bw/day.  with 
increased  mortality  above  10  mg/kg  bw/day  (Andrews  et  ai..  1966). 

In  a  32-day  study,  the  whole  body  bioconcentration  factor  for  the  fathead 
minnow  was  determined  to  be  9,500  (Velth.  1979).  The  bloconcent i at  Ion 
factor  normallred  for  percent  lipids  for  aquatic  life  (fresh  and  saltwater) 
Is  5.222  (EPA.  1980dd)-  3 lomagnl f Icat Ion  was  observed  In  a  field  study  of  an 
aquatic  system  containing  heptachlor  and  heptachlor  epoxide  (Hannon  et  ai-. 
1970).  Contaminant  concentrations  In  water  and  sediment  were  0-006  and  0-8 
ppb.  respectively.  Residue  concentrations  In  crayfish,  plankton  anJ  algae, 
fish,  and  aquatic  Insects  were  1-0.  11.  S-O.  and  312  ppb.  respectively 
(Hannon  et  al ■ ,  1970).  Bluegllls  concentrated  heptachlor  by  a  factor  of  300 
In  relation  to  water  concentration  (Cope,  1966).  Mosquito  fish  concentrated 
residues  by  a  fc’ctor  of  8.258  In  a  model  ecosystem  study  (Sanborn  et  al .  . 
1976) . 
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5.1.16-2  Iercc:st.rial-£cQs;esleff5 
Blaota 

No  Inforaatton  regarding  the  toxicity  of  heptachlor  or  heptachlor  epoxide 
was  available  In  the  literature  reviewed. 

Invcctebtates 

Earthworms  metabolize  heptachlor  epoxide  from  and  concentrate  residues 
10  times  In  relation  to  soil  concentration  (Seyer  and  Clsh.  1930).  The 
biological  half-ltfe  of  heptachlor  epoxide  In  earthworms  Is  approximately 
3  years  (Beyer  and  Clsh.  1980). 

Binds 

The  LC50  values  for  bobwhlte  quail.  Japanese  quail,  ring-necked  pheasant, 
and  mallard  duck  In  5-day  feeding  tests  ranged  from  92  to  <<80  ppm  (Hill 
at  al-<  1975).  Birds  fed  50  ppm  heptachlor  died  within  9  to  2;*  days 
(Stlckel  al. .  1979b). 

The  lethal  residues  In  brain  tissue  for  several  species  range  from  9  to 
27  ppm  on  a  wet  weight  basis  (Stlckel  el  ai..  1979b).  and  the  lethal  hazard 
level  begins  at  8  ppm.  The  half-ltfe  of  heptachlor  epoxide  in  birds  is 
29  days  (Stlckel  cl  ei- •  r#79b). 

Heptachlor  epoxide  was  more  toxic  to  woodcock  (Scoiopax  talaor!  than  DDT 
(Stlckel  el  ai..  1965a  and  b).  Woodcock  fed  earthworms  containing  2.36  ppm 
heptachlor  epoxide  on  a  wet  weight  basis  died  within  35  days-  A  lower 
concentration  of  0-65  ppm  In  earthworms  was  not  lethal  to  woodcock  when  the 
birds  were  adequately  fed:  however,  when  the  birds  were  food  deprived, 
tissue  residues  mobilized  and  became  lethal. 

Heptachlor  apoxlde  has  been  detected  In  osprey  and  b.ild  eagle  eggs  at 
concent  rat  ions  ranging  from  0-02  to  0  and  0  02  tx>  0  36  ppm  on  a  wet 
weight  b.asls,  respectively  (wiemeyer  el  ai  .  1973:  wiemeyer  el  al  ■  .  1934). 
Heptachlor  epoxide  residues  did  not  correlate  significantly  with  average 
f  eprodu.ct  ive  productivity  for  bald  eagles  (wiemeyer  ci  ai..  198!.). 
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Qamaals 

Heptachlor  and/or  heptachlor  epoxide  are  both  readily  absorbed  from  the 
gastrointestinal  tract  (EPA.  1930dd)-  The  acute  oral  LD50  for  heptachlor 
epoxide  In  rats  Is  46.5  to  60  mg/kg  bu  (NAS,  1977:  "perllng  and  Ewlnlke. 
1969:  Podowskl  et  al-.  1979).  Work  by  Cak  et  al-  (1976),  .determined  the 
oral  LD50  for  heptachlor  for  mice.  rats,  and  hamsters  to  be  70,  105.  and 
100  mg/kg  bu.  respectively.  Caines  (1960)  determined  the  oral  LD5Q  for 
heptachlor  to  be  100  mg/kg  bw  in  male  and  162  mg/kg  bu  In  female  rats.  The 
acute  oral  LD50  for  heptachlor  epoxide  in  mice  and  rat.s  Is  39  mg/kg  bu  and 
<•7  mg/kg  bu,  respectively  (NIOSH.  1984).  Effects  of  scute  Intoxication  due 
to  heptachlor  or  heptachlor  epoxide  Include  tremors,  convulsions,  paralysis, 
and  hypothermia  (Hrdlna  ei.  ai..  197a:  Vamaguchl  et  ai • •  1980). 

In  rats  fed  1  mg/kg  bu/day  heptachlor  for  14  days,  liver  damage  and  altered 
liver  function  occurred  (Enan  et  al  •  .  1932  ).  At  dose  levels  of  2  mg/kg  bu 
In  pigs,  depletion  of  glycogen,  morphological  changes  In  the  granular 
endoplasmic  reticulum,  and  increases  In  the  amount  of  agranular  endoplasmic 
reticulum  occur  (Dvorak  and  Halacka.  1975).  In  dogs  fed  heptachlor  epoxide 
for  60  ueeks.  Increased  liver  -eights  -ere  seen  at  the  lowest  dietary  level 
of  0.5  ppm  (approximately  00125  mg/kg  bu/day  (Sax,  193a))  (EPA.  1953). 

Various  studies  using  rats  have  sho-n  that  the  amount  of  protein  In  the  diet 
affects  the  toxicity  of  heptachlor  (EPA.  1980dd).  At  a  protein  level  of 
13  percent,  heptachlor  Is  twice  as  toxic  as  In  a  low  protein  diet  (EPA. 
I930dd).  Low  protein  diets  Impaired  or  slowed  the  metaboll.sm  of  heptachlor 
to  the  more  toxic  heptachlor  epoxide  (EPA.  1930dd). 

Oral  doses  of  I  mg/kg  bw  heptachlor  given  to  male  rats  caused  dominant 
lethal  changes,  as  evidenced  by  scat  1st  lea  1  ly  significant  Increases  In  the 
number  of  resorbed  fetuses  In  Intact  pregnant  rats  (Cerey  eL  ai-.  1‘’73).  A 
diet  of  6  mg/kg  bw  In  rats  caused  .a  marked  decrease  In  litter  size  and 
significantly  shortened  the  life  span  of  suckling  rats  (Kestltiova.  1967). 

5 . 1 . 16 . 3  Quaat if Icaiiaa-oI-Ioxic .Effects 

The  EPA  criteria  for  the  protection  of  aquatic  organisms  and  their  uses 
(0.0033  p?b)  were  derived  from  the  Final  Residue  Value  based  on  human 


5-63 


C-RMA-09D/BIORI501 .2.6-? 

5/2/89 


health,  and  so  were  considered  Inappropriate  for  this  analysis-  Therefore, 
the  EPA  Final  Acute  Value  (0-52  ppb)  was  used  to  derive  an  acceptable  water 
concentration  for  the  protection  of  aquatic  organisms-  The  Final  Acute  ' 
Value  was  divided  by  an  uncertainty  factor  of  10^.  to  yield  an  acceptable 
water  concentration  of  0-0052  ppb- 

Water  criteria  are  also  estimated  for  surface  water  consumption  by 
terrestrial  organisms-  Heptachlor  was  chronically  toxic  to  dogs  at 
concentrations  of  0-0125  mg/kg  bw/day-  Using  the  chronic  LOAEL  and  the 
water  consumption  for  dogs-  an  acceptable  water  concentration  Is  derived  as 
fol lows : 


_ LQAEL _ ■  0i0125_ffl£Zlt£_balday_  •  0-25  rag /I 

Water  Intake  0-05  1/kg  bw/day 

Using  an  uncertainty  factor  of  5  for  Inlerspecles  variation  and  5  to  bring 
the  chronic  LOAEL  Into  the  range  of  a  UOEL.  a  water  concentration  of  0-01 
mg/1  (10  ppb)  heptachlor  Is  estimated- 

The  freshwater  Final  Residue  Value  reported  by  EPA  Is  based  on  the  FDA 

action  level  of  0-3  ppm  (EPA.  I950dd).  and  was  therefore  judged 

Inappropriate  for  this  analysis-  The  lowest  dietary  level  of  heptachlor 

reported  for  birds  or  mammals  In  the  literature  surveyed,  the  LOAEL  for  dogs 

(0-5  ppm),  was  substituted  for  the  FDA  value  as  the  appropriate  MPTC-  The 

BCF  reported  by  EPA  (19S0dd)  was  used  to  represent  bloconcentrat  Ion-  The 

Final  Residue  Value  Is  as  follows: 

_ HSIC _  •  Qi5_pp3_  “  0-0063  ppm 

BCF  78-9 


A  summary  of  the  acceptable  water  concentrations  (ppb)  for  heptachlor/ 
heptachlor  epoxide  Is  as  follows: 

EPA  S 'rface  Water  Final  Residue  Aquatic 

- Ingesilon _ Value _ Lile__ 


0  0052 


10 
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The  lowest  of  the  estimated  criteria.  0-0052  ppb.  Is  used  as  the  acceptable 
water  concentration  of  heptachlor/heptachlor  epoxide  that  will  be  protective 
of  all  wildlife  populations  at  RMA- 

Soll  criteria  were  estimated  using  the  LOAEL  for  dogs  as  the  MPTC 
representative  of  toxicity  to  wildlife  populations,  and  a  BAF  of  10  for 
earthworms  as  follows: 

BEIC  ■  Qi5_ppn  «  0-05  ppm 
BAF  10 


The  dietary  NOEL  for  birds  of  0-65  ppm  In  earthworms  exceeds  the  LOAEL  for 
mammals  of  0-5  ppm  In  diet:  therefore,  using  the  LOAEL  for  mammals  should 
protect  bird  populations  as  well-  Since  the  MPTC  is  a  LOAEL.  an  uncertainty 
factor  of  10  was  applied  to  yield  an  acceptable  soil  level  of  0-005  ppm 
heptachlor/heptachlor  epoxide- 

5-1.17  MALATHION 

The  EPA  chronic  criterion  for  the  protection  of  freshwater  aquatic  life  Is 
0-1  ppb  (EPA.  1936c)-  Acute  criteria  are  unavailable-  Malathlon  Is 
moderately  soluble  In  water  with  a  half-life  of  5  months  at  pH  6  and  of  1  to 
2  weeks  at  pH  3  (Weiss  and  Cakstatter.  196/.)-  Variations  In  water  hardness 
do  not  appear  to  alter  the  toxicity  of  malathlon  to  fish  and  aquatic 
Invertebrates  (Johnson  and  Finley.  1930)-  Malathlon  In  combination  with 
parathlon  has  a  synergistic  effect  in  rainbow  trout  and  blueglll  (Johnson 
and  Finley.  1980)- 

5-1.17-1  Aquatic-Ecasysiaas 
Elancs 

Mo  Information  regarding  the  toxicity  of  malathlon  was  available  In  the 
literature  reviewed- 
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Invertebcai.es 

The  96-hr  LD50S  for  12  Invertebrate  species  range  from  0.69  ppb  In  Isopecia 
sp.  to  3.000  ppb  In  Asellus  sp-  (Johnson  and  Finley.  1980)  with  a  geometric 
mean  value  of  12.3  ppb.  The  tt8-hr  EC5QS  for  four  Invertebrate  species  range 
from  1.0  ppb  In  Daphnia  aagna  to  'iT  ppb  In  Cypridopsis  sp.  (Johnson  and 
Finley.  1980).  with  a  geometric  mean  value  of  . 1  ppb.  Blueglll  and  channel 
catfish  were  not  affected  in  ponds  dosed  with  four  semimonthly  treatments 
(during  May  to  July)  of  up  to  0-02  ppm,  but  the  aquatic  Invertebrate 
population  was  significantly  reduced  (Johnson  and  Finley.  1980). 

Temperature  fluctuations  In  water  may  influence  the  toxicity  of  malathlon  as 
evidenced  by  a  study  In  which  Simocepbalus  sp.  exhibited  an  eleven  fold 
decrease  In  toxic  symptoms  when  the  temperature  changed  from  10  to  21°  C 
(Johnson  and  Finley.  1980).  According  to  the  EPA  (1936c).  complete  life 
cycle  tests  to  determine  safe  concentrations  for  the  most  sensitive  species 
have  not  been  conducted,  nor  have  tests  determined  the  effects  of  low 
concentrations  on  Invertebrate  behavior. 

Eish 

The  96-hr  LC50  values  In  fish  range  from  23  ppb  In  Chinook,  salmon  (Katz. 

1961)  to  285  ppb  In  a  combination  of  centrarchlds  and  salmonlds  (Macek  and 
McAllister.  1970).  Static  (Macek  and  McAllister.  1970)  and  flow  through 
tests  (Eaton.  1970)  In  blueglll  Indicate  similar  values  of  110  ppb. 

Trout  exposed  to  sublethal  levels  (level  not  specified)  for  one  hour  had 
severe  tissue  damage  to  gill  tissues  and  minor  nonspecific  liver  lesions 
(Johnson  and  Finley.  1930).  Other  sublethal  effects  Include  AChE 
Inhibition,  reduced  activity  compared  to  controls,  and  reduced  frequency  of 
avoidance  response  (Johnson  and  Finley.  1980).  An  Increase  In  temperature 
from  7  to  29°C  causes  a  fold  Increase  In  toxicity  to  bluegllls  (Johnson 
and  Finley,  1930). 

5.1.17.2  lectastrlai-Ecosysteas 
Elaops 

There  was  15  percent  less  vegetation  biomass  Increase  In  a  treated  plot  as 
compared  to  the  control  plot  when  malathlon  was  applied  at  a  rate  of 
8  oz/acre  (McEwen  and  Ellis.  1975).  By  using  a  conversion  factor  of 
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2.000.000  lbs  soll/6  Inch  acre  (Korschgen.  1970).  the  estimated 
concentration  applied  was  0.25  ppm. 

In^eclebtaies 

In  the  above  study  by  McEwen  and  Ellis  (1975).  malathlon  was  applied  at  a 
rate  of  8  oz.'acre  (an  estimated  value  of  0.25  ppm).  Immediately  post¬ 
treatment.  the  number  of  Invertebrates  on  treated  plots  dropped  to  11 
percent  of  controls,  and  five  weeks  post-treatment  Invertebrate  numbers  on 
treated  plots  were  18  percent  of  controls.  The  total  number  of  Invertebrate 
species  present  on  treated  plots  dropped  by  50  percent  compared  to  controls. 

Birds 

LD5Q  values  for  mallard,  ring-necked  pheasant,  and  horned  lark  ( Ecemophiia 
alpestris)  are  1.485.  167.  and  403  mg/kg  bw.  respectively  (Hudson  et  ai.. 
198«).  The  oral  LD50  for  an  adult  domestic  chicken  Is  150  to  200  mg/kg  bw 
(Radeleff.  1964).  In  a  field  study  by  HcEwen  and  Brown  (1966).  sharp-tailed 
grouse  (Eedloecetes  phasianallus)  were  administered  a  single  oral  dose  of 
malathlon.  and  a  lethal  dose  of  200  to  240  mg/kg  bw  was  determined.  The 
reaction  of  grouse  to  malathlon  was  rapid,  with  death  or  apparent  full 
recovery  occurring  within  72  hours.  Symptoms  of  acute  toxicity  Included 
depression  and  Inactivity.  Increasing  slowness  and  slowed  reactions, 
blinking  and  head  nodding,  and  finally  death  from  heart  or  respiratory 
failure.  Cholinesterase  levels  In  grouse  that  died  were  0.00  and  0.03 
(pH  change/hr)  compared  to  0.56.  0.56.  and  0.54  In  control  birds.  Three 
known  cases  of  predation  were  on  birds  that  were  given  doses  they  might  have 
survived  under  pen  conditions,  suggesting  that  birds  subjected  to  sublethal 
doses  may  be  more  vulnerable  to  predation. 

Uaoaals 

The  oral  LD50  In  rats  Is  2.100  mg/kg  bw  (aCCIH.  1986).  In  a  2-year  study 
with  rats,  the  NOEL  was  determined  to  be  100  ppm  In  diet  (approximately 
7.5  mg/kg  bw/day  (Sax.  1984))  based  on  inhibition  of  blood  or  brain 
cholinesterase  and  observable  Injury  (Johnson  ei  al--  1952). 
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5.1.17.3  Quantif lcatiQn_Ql_lQ^ic_EIiects 

The  EPA  criteria  for  the  protection  of  aquatic  organisms  and  their  uses 
represent  acceptable  water  concentrations  of  malathlon  for  aquatic  life. 

Water  criteria  are  also  estimated  based  on  toxicity  due  to  Surface  water 
consumption  by  terrestrial  biota.  From  the  chronic  NOEL  and  the  water 
consumption  for  rats,  an  acceptable  water  concentration  Is  derived  as 
follows; 

_ UQEL _  -  7i5_mgZkg_bwZday_  -  60  mg/l 

Water  Intake  0-125  1/kg  bw/day 

Applying  an  uncertainty  factor  of  5  for  Interspecles  variation,  a  water 
concentration  of  12  mg/l  (12-000  ppb)  malathlon  Is  estimated- 

There  Is  no  Indication  In  the  available  literature  that  malathlon 
bloaccumulates-  A  summary  of  the  acceptable  water  concentrations  (ppb)  for 
malathlon  Is  as  follows; 


EPA 

Surface  Water 
.Ingeslioa _ 

Final  Residue 
_ Value _ 

Aquat  Ic 
_ Life- 

01 

12-000 

NA 

NA 

The  lowest  of  the  estimated  criteria.  0-1  ppb.  Is  used  as  the  acceptable 
water  concentration  that  will  be  protective  of  all  wildlife  populations  at 
RMA. 


Soil  criteria  were  established  based  on  toxicity  to  plants  and  soil 
Invertebrates-  At  an  application  rate  of  0.25  ppm.  adverse  effects  were 
observed  on  plants  and  soil  fauna  In  treated  areas-  By  applying  an 
uncertainty  factor  of  10  to  convert  the  LOAEL  to  a  NOEL,  an  acceptable  level 
of  malathlon  In  soil  of  0-025  ppm  Is  derived- 

5-1-18  METHYL  PARATHION 

EPA  water  quality  criteria  for  methyl  parathlon  for  the  protection  of 
aquatic  life  were  unavailable-  The  solubility  of  methyl  parathlon  In  water 
Is  55  to  60  mg/l-  Methyl  parathlon  is  more  rapidly  hydrolyzed  in  alkaline 
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solutions  than  acidic.  The  half-life  In  water  Is  1  to  3  days  (AgChem. 

19S3).  Residue  tolerance  levels  for  raw  agricultural  cooaodlties  are  0.1  to 
0.5  ppoi  (CFR.  1985).  Residue  tolerencc  levels  for  raw  agricultural 
commodities  are  0-1  to  0-5  ppm  (CFR.  1935).  Methyl  parathlon  Is  relatively 
Immobile  In  a  30-cni  soil  column  of  sandy  loam,  silty  clay  loam  and  silt  loam 
soils  (EPA.  1987f).  The  half-life  In  soils  appears  to  be  dependent  on  the 
form  In  which  It  Is  applied.  The  half-life  of  the  emulslflable  concentrate 
Is  1  to  3  days,  and  half-life  of  the  microencapsulated  form  Is  3  to  7  days 
(AgChem,  1933). 

5.1.13.1  Aquatic.EcQsysteas 
Plants 

No  Information  regarding  the  toxicity  of  methyl  parathlon  was  available  In 
the  literature  reviewed- 

Invectabcates 

Aquatic  Invertebrates  are  sensitive  to  the  effects  of  methyl  parathlon.  The 
;i3-h  1.C50  for  Dj.  aiagna  la  0-14  ppb  (Johnson  and  Finley,  1950).  The  96-h 
LC50  values  for  three  other  species  of  Invertebrates  ranged  from  3-8  to  33 
ppb.  Hater  hardness  did  not  alter  toxicity  of  methyl  parathlon  to 
Invertebrates  (Johnson  and  Finley.  1930)- 

Eish 

Fish  are  not  as  sensitive  to  the  effects  of  methyl  parathlon  as  aquatic 
Invertebrates-  The  96-h  £050  for  rainbow  trout  Is  2-0  ppm.  and  the  96-h 
LC50  Is  2-3  ppm  (Palawskl  et  ai-.  1933).  The  mean  96-h  LC5Q  values  for  13 
species  of  freshwater  fish  tested  ranged  from  1-85  to  9-00  ppm  (Johnson  and 
Finley.  1930). 

5.1.13.2  lecreslrial.Ecosysteas 
Elanis 

Methyl  parathlon  reduced  the  rate  of  photosynthesis  In  plants  at  application 
rates  of  0-5  kg/ha,  and  reduced  growth  rate  occurred  as  application 
frequency  Increased  (Johnson  at  ai  •  .  1983). 
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Invectebcales 

The  acute  lethal  dose  of  methyl  parathlon  to  bees  was  0.165  and  0.32/i  ug/bee 
for  European  and  Africanized  bees,  respectively  (Danka  et  al.  .  1986).  The 
LD5()  for  the  wasp  (Hicroplitls  ccQceipes)  Is  2.28  mg/kg  bw,  calculated  from 
a  mean  body  weight  of  5.8  mg  for  wasps  (Powell  et  al. .  1986).  Methyl 
parathlon  was  more  toxic  than  dleldrln.  aldrln.  or  malathlon  when  applied 
topically  to  a.  croceipes  (Bull  et  al..  1987). 

Birds 

Hudson  et  al.  (1984)  reported  LD5Q  values,  symptoms  of  Intoxication,  and 
changes  In  acetylcholinesterase  (AChE)  levels  for  several  species  of  birds. 
LD50  values  for  mallard  ranged  from  6.60  to  60.5  mg/kg  bw.  LD50  values  for 
bobwhlte  quail,  ring-necked  pheasant,  and  red-wing  blackbird  were  7.56. 

8.21.  and  23.7  mg/kg  bw,  respectively.  The  median  lethal  dose  for  American 
kestrels  was  3.08  mg/kg  bw.  Indicating  that  kestrels  are  more  sensitive  than 
other  species  tested  (Rattner  and  Franson,  1984).  AChE  Inhibition  was 
significantly  higher  In  birds  that  died  than  those  that  survived  (Hudson  ei 
ai..  19Sh).  In  birds  that  survived.  AChE  inhibition  was  as  high  as  63.6 
percent  for  bobwhlte.  Signs  of  Intoxication  Included  polydipsia, 
regurgitation,  ataxia,  falling,  convulsions,  dyspnea,  salivation, 
withdrawal,  using  wings  for  pedestrian  locomotion,  wing-beat  convulsions, 
nutation,  lacrlmation.  asynergy.  Immobility,  and  opisthotonos- 

Mammals 

Acute  oral  LD5Q  values  range  from  8.9  mg/kg  bw  in  rats  (Sabol,  1985)  to 
30  mg/kg  bw  In  mice  (Isshlkl  et  al- ,  1983).  Symptoms  of  acute  toxicity 
Include  sweating,  salivation,  diarrhea,  bradycardia,  bronchoconstrlct Ion, 
muscle  fasc Icula t Ions .  and  coma  (Barnes  and  Denz.  1953).  The  LOAEL  was  0.25 
rag/kg  bw/day  for  rats  based  on  hematology,  body  weight,  organ  weights. 
clinical  chemistry,  retinal  degeneration,  and  cholinergic  signs  (Daly  et 
ai..  1934).  The  LOAEL  was  1.0  mg-'kg  bw/day  for  dogs  based  on  cholinesterase 
depression  (Tegeris  and  Underwood.  1973).  The  LOAEL  for  fetotoxlc  effects 
In  rats  was  1.0  mg/kg  bw/day  based  on  protein  synthesis  In  maternal  and 
fetal  tissues,  altered  postnatal  development  of  cholinergic  neurons,  and 
subtle  alterations  In  selected  behaviors  (Cupta  el  al- .  1984:  1985).  A 
higher  LOAEL  of  3.0  mg/kg  bw/day  was  reported  for  a  three  generation  study 


5-75 


C-IWA-09D/ BIORISOl .2.76 
5/2/89 


based  on  fertility,  number  of  litters,  number  of  stillborn,  and  reduced 
survival  (lobdell  and  Johnston,  1966). 

The  NOEL  Is  reported  to  be  as  low  as  0-025  mg/kg  bw/day  for  a  2-year  study 
(Daly  et  ai-,  198*4)  and  as  high  as  2  mg/kg  bw/day  for  rats  (NCI,  1978).  In 
a  one  year  study  using  dogs,  the  NOEL  was  determined  to  be  0.3  mg/kg  bw/day 
(Ahmed  bl  al.<  1931). 

5.1.18-3  QuaatificaLiQn_of_Ioxic_£f £ects 

EPA  criteria  were  unavailable:  therefore,  the  lowest  acute  value  reported 
(0-l6  ppb  reported  as  the  68-h  LCjq  for  D.i  magna)  was  used  to  calculate  a 
water  criteria-  An  acute-chronic  ratio  could  not  be  calculated  due  to  lack 
of  chronic  toxicity  data-  An  uncertainty  factor  of  10^  wcs  applied  to  yield 
an  acceptable  water  concentration  of  0-0016  ppb- 

Water  criteria  are  also  estimated  for  toxicity  due  to  surface  water 

consumption.  The  chronic  NOEL  of  0-025  mg'kg  bw/day  for  rats  Is  lower  than 

the  NOEL  for  dogs  of  0-3  mg/kg  bw/day  or  the  LOAEL  for  rats  of  0-25  mg/kg 

bw/day.  From  the  chronic  NOEL  and  the  water  consumption  for  rats,  an 

acceptable  water  concentration  is  derived  as  follows: 

_ MQEL _  •  Qi.Q25_cg£kg_h<iZd2y  •  0-2  rag/1 

Hater  Intake  0-125  1/kg  bw/day 

Applying  an  uncertainty  factor  of  5  for  Interspecific  variation,  a  water 
concentration  of  O  O*.  mg/1  (*,0  ppb)  Is  estimated  for  methyl  parathlon- 

There  Is  no  indication  that  methyl  parathlon  bioaccumulates  In  the 
environment:  therefore,  a  Final  Residue  value  was  not  calculated.  A  summary 
of  the  acceptable  water  concentrations  (ppb)  for  methyl  parathlon  Is  as 
fol lows : 

EPA  Surface  Water  Final  Residue  Aquatic 

_  .ingesLion _  _ Value _  _ Life. 

NA  60  NA  0-0016 
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The  lowest  estimated  criteria.  O-OOH  ppb.  Is  used  as  the  acceptable  water 
concentration  that  will  be  protective  of  all  wildlife  populations  at  RMA- 
Due  to  the  lack  of  available  data  this  estimate  Is  highly  uncertain- 

A  soil  criterion  for  methyl  parathlon  could  not  be  established  at  this  time 
due  to  lack  of  data- 

5-1-19  M£IHi:LEHOSEHQUIC_ACID_LMEAI 

EPA  water  quality  criteria  are  unavailable  for  methylphosphonlc  acid  (MPA)- 
MPA  Is  a  water  soluble  hydrolysis  product  of  Isopropyl  raethylphosphonate 
that  moves  readily  In  groundwater  (Rosenblatt  et  ai-.  1975a)- 

5-1-19-1  Aquatic.EcQsysleas 
Elaats 

Schott  and  Worthley  (197;.)  examined  six  species  of  vascular  aquatic  plants 
and  two  species  of  algae  for  toxic  effects  of  MPA-  In  all  vascular  species, 
death  occurred  at  a  concentration  of  1.000  ppm.  while  decreased  growth 
occurred  at  100  ppm  In  all  but  two  species-  Tor  both  species  of  algae, 
death  occurred  at  100  ppm-  while  decreased  growth  was  observed  at  10  ppm- 

lDxe!:lebcat.es 

No  Information  regarding  the  toxicity  of  MPA  was  available  In  the  literature 
reviewed  - 

Eish 

No  information  regarding  the  toxicity  of  MPA  was  available  In  the 
llter.ature  reviewed- 

5-1.19-2  IerE2slEial_EcQsyst,eajs 
Elams 

In  a  study  by  COE  (1955).  MPA  aerially  snraved  on  plants  at  a  rate  of 
1-0  Ib/acre  had  a  slight  effect  on  blacf  ^lentlne  bean  and  soybean  and 
caused  chlorosis  and  necrosis  In  morning  glory.  Slight  stunting  of  oats 
occurred  at  an  application  rats  of  O-l  Ib/acre-  Data  regarding  toxicity  to 
plants  of  MPA  residues  In  soil  were  unavailable- 
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Inveclsbcates 

No  Information  regarding  the  toxicity  of  MPA  was  available  In  the  literature 
reviewed • 

Bicds 

No  information  regarding  the  toxicity  of  MPA  was  available  In  the  literature 
reviewed . 

Uaoaais 

No  Information  regarding  the  toxicity  of  MPA  was  available  In  the  literature 
reviewed . 

5.1.19.3  QuantiIicatiQn_Qf_lQ2:ic_£Ifects 

EPA  criteria  for  the  protection  of  aquatic  organisms  are  unavailable-  Water 
criteria  were  estimated  using  the  lowest  concentration  that  resulted  in 
growth  reduction  for  algae,  and  an  uncertainty  factor  of  10  was  applied  to 
bring  the  LOAEL  Into  the  range  of  a  NOEL.  The  acceptable  water 
concentration  Is  1  ppm.  This  value  may  not  be  protective  for  other  aquatic 
species  such  as  macroinvertebrates  or  fish. 

Due  to  the  lack  of  data,  acceptable  surface  water  concentrations  cannot  be 
established  at  this  time-  A  summary  of  the  accej table  water  concentrations 
for  MPA  (ppb)  is  as  follows: 

EPA  Surface  Water  Final  Residue  Aquatic 

- Icgestion - Value _ Life _ 

NA  NA  NA  1,000 

The  only  estimated  criterion.  1.000  ppb.  Is  used  to  estimate  the  acceptable 
water  concentration  that  will  be  protective  of  all  wildlife  populations  at 
RMA.  Due  to  the  lack  of  available  data  this  estimate  l.s  highly  uncertain. 

Due  to  the  lack  of  data,  acceptable  soil  concentrations  cannot  be 
established  -it  this  time  for  HP.A. 
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5.1.20  MUSTARD 

EPA  water  quality  criteria  were  unavailable  In  the  literature  reviewed. 

Based  on  the  soli/water  partition  coefficient  ranging  from  27.5  (Lyman  and 
Loreti.  1986)  to  132.5  (Kenaga  and  Coring.  1980).  some  sorption  to  jolls  and 
sediments  may  occur.  The  half-life  of  mustard  In  water  at  10°C  Is  55 
minutes  and  at  25°C  Is  minutes  (Small.  1984).  The  persistence  In  soli  or 
water  Is  3  to  30  years  (Small.  1934).  Mustard  spilled  onto  soli  was  still 
vesicant  after  three  years  (USA.  1974).  Mustard  Is  a  cytotoxic  agent  on  all 
tissue  surfaces:  repeated  exposure  results  in  hypersensitivity  (USA.  1936). 

5.1.20.1  Aquatic.Ecosystems 
Plaots 

No  Information  regarding  the  toxicity  of  mustard  was  available  In  the 
literature  reviewed. 

la^eziebraies 

No  Information  regarding  the  toxicity  of  mustard  was  available  In  the 
literature  reviewed . 

lish 

No  Information  regarding  the  toxicity  of  mustard  was  available  In  the 
literature  reviewed. 

5-1.20.2  lecresLcial-EcQsysiEas 

Plants 

No  Information  was  available  In  the  literature  reviewed  for  the  toxicity  of 
mustard  In  soli  to  plants-  Mustard  In  gaseous  or  liquid  form  contacting 
plant  leaf  surfaces  caused  leaf  tissue  death  and  Injury  (Rosenblatt  et  al- . 
1975b). 

lavectebrates 

No  Information  is  available  in  the  literature  reviewed  on  the  toxic  effects 
of  mustard  In  soli  to  Invertebrates-  Mustard  Is  toxic  and  mutagenic  to 
invertebrates  but  the  effects  could  not  be  quantified  with  respect  to  soil 
concentration  (Rosenblatt  et  ai-.  1975b). 
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filcds 

No  Information  regarding  the  toxicity  of  mustard  was  available  In  the 
literature  reviewed . 

Uaaaals 

Ingestion  of  mustard  contaminated  food  or  water  causes  dlarrheai  nauseai 
vomiting,  pain,  and  prostration  (USA,  1974).  Once  In  the  body,  mustard 
reacts  with  proteins  and  nucleic  acids  of  the  lung,  liver  and  kidney  as 
seen  in  a  study  with  mice  (lARC.  1975)-  The  LD5Q  for  rats  given  mustard 
Intragastrlcally  was  17.0  mg/kg  bw. 

Acute  dermal  I.D50  values  as  reported  by  Rosenblatt  et  ai.  (1975b)  for  dog. 
goat,  guinea  pig.  and  rabbit  are  20.  50.  20.  and  100  mg/kg.  respectively- 
Dermal  I.D5Q  values  for  rat  and  mouse  are  9  and  92  mg/kg.  respectively  (Sax. 
1934).  Toxic  dermal  effects  Include  capillary  hyperemia,  dermal  edema,  and 
blistering  (USA.  1986). 

In  rats  and  mice.  Inhalation  1050  values  are  420  mg/m^  for  a  two  minute  and 
189  mg.'m^  for  a  10  minute  exposure  (NIOSH.  198‘4).  Via  Inhalation,  mustard 
damages  laryngeal  and  tracheobronchial  rucosa.  causes  co.-.gestlon  of  the 
pulmonary  parenchyma,  edema,  and  collapse  of  part  or  all  of  the  lung  (USA. 
1936).  A  2-hr  exposure  to  concentrations  barely  detectable  by  odor  produces 
eye  lesions  In  rats  (USA.  1974). 

5-1.20-3  QuaniiIicatiQn_Ql_lQxic_Effects 

EPA  criteria  for  the  protection  of  aqua..lc  organisms  have  not  been 
established  and  data  on  the  toxicity  to  aquatic  life  are  unavailable: 
therefore,  an  acceptable  water  concentration  of  mustard  for  aquatic 
organisms  cannot  be  establlshed- 

Wacer  .'.rlterla  arc  also  estimated  based  on  toxicity  due  to  consumption  of 

contaminated  surface  water-  The  lowest  health  effects  level  for  exposure  by 

Ingestion  was  an  LD5g  of  17  mg/kg.'day  for  rats-  Using  water  Intake  for  rats 

of  0-125  1/kg  bw/day,  the  acceptable  water  concentration  Is  as  follows: 

_ LQAEl. _ -  .IZ-EgZkg-b'B’Zdax-  -  136  mg /I 

Water  Intake  0-125  1/kg  bw/day 
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Applying  an  uncertainty  factor  of  1.000  to  bring  the  LD50  Into  the  range  of 
a  chronic  NOEL,  and  5  for  Interspecific  variation,  an  acceptable  water 
concentration  of  0-027  mg/1  (27  ppb)  Is  derived- 

There  Is  no  Indication  that  mustard  bioaccumulates:  therefore,  a  Final 
Residue  Value  was  not  calculated-  A  summary  of  the  acceptable  water 
concentrations  (ppb)  Is  as  follows: 

EPA  Surface  Water  Final  Residue  Aquatic 

_ IngestlQQ _ Value _ Lile_. 

NA  27  NA  NA 

The  only  estimated  criterion,  27  ppb.  Is  used  to  estimate  the  acceptable 
water  concentration  that  will  be  protective  of  all  wildlife  populations  at 
RMA-  Due  to  the  lack  of  available  data  this  estimate  Is  highly  uncertain- 

Soil  criteria  for  mustard  are  una.va liable  at  this  time  due  to  lack  of  data- 

5-1-21  NITROSODIMETHYLAMINE  (DMNA) 

The  available  data  for  nltrosamlnes  Indicate  chat  acute  toxicity  to 
freshwater  aquatic  life  occtrs  at  concentrations  as  low  as  5-350  ppb  (EPA- 
1930f)-  Chronic  data  are  available  only  for  unsensltlve  aquatic  species 
(EPA,  1930f).  DMNA  Is  very  soluble  In  water  and  chemically  stable  (ACCIH- 
1986).  There  Is  some  dispute  as  to  whether  or  not  DMNA  will  persist  In  an 
aquatic  environment.  According  to  Tate  and  Alexander  (1976).  nltrosamlnes 
are  rapidly  decomposed  by  photolysis  and  do  not  persist  In  water  Illuminated 
by  sunlight.  Other  data  indicate  little  degradation  (Tate  and  Ale.xander- 
1975:  Fine  et  ai- .  1977)  . 

5- 1-21-1  AquaiiC-ICQsysLeas 
Eiants 

Ho  Information  regarding  the  toxicity  of  DMNA  was  available  In  the 
literature  reviewed- 

Inyeriebrates 

DMNA  Is  acutely  toxic  to  D-  nagna  at  concentrations  of  7.760  ppb  (EPA. 
1930f).  Crayfish  ( Ecncaahacus  ciarkit)  exposed  to  100  ppm  DMNA  for  6  months 
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had  hyperplasia  of  tubular  cells  In  the  hepatopancreas.  while  those  exposed 
to  200  ppm  had  extensive  degeneration  In  all  parts  of  the  antennal  gland 
(Harshbarger  at  al-.  1971). 

Eish 

DMN.^  Is  acutely  toxic  to  blueglll  at  concentrations  of  5.350  ppb-  After  52 
weeks  of  feeding  with  200  ppm  DMNA,  rainbow  trout  exhibited  dose-related 
hepatocellular  carcinoma-  After  78  weeks,  a  higher  incidence  of 
hepatocellular  carcinoma  was  observed  even  though  feeding  was  discontinued 
after  52  weeks  (Crelco  at.  al- .  1978).  The  BCF  for  blueglll  Is  217;  the 
biological  half-life  Is  less  than  one  day  (EPA.  1980f). 

5- 1-21 -2  IerEasiEiai_EcQsysi.e3s 
Elaats 

.*^0  Information  regarding  the  toxicity  of  DMNA  was  available  In  the 
literature  reviewed-  DMNA  raay  be  taken  up  by  some  crop  types  under 
experimental  conditions-  but  nltrosamlne-s  are  not  commonly  found  In  plants 
under  environmental  conditions  (EPA.  19S0f)- 

loveciebiaDea 

No  Information  regarding  the  toxicity  of  DMNA  was  available  In  the 
literature  reviewed  - 

Birds 

No  Information  regarding  the  toxicity  of  DMNA  was  available  In  the 
literature  reviewed- 

Mammals 

The  acute  oral  LDgQ  for  rats  Is  '■•0  mg/kg  bw  (Druckrey  ei  al--  1967).  ACCIH 
(1936)  Indicates  the  ti-hr  1-C5g  values  for  Inhalation  by  rats  and  mice  are  78 
and  57  ppm.  respectively.  One  of  three  dogs  exposed  by  Inhalation  for  hr 
to  16  ppm  survived  with  liver  damage  (ACCIH.  1936). 
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Chronic  exposure  effects  Include  biliary  hyperplasia,  fibrosis,  nodular 
parenchymal  hyperplasia,  formation  of  enlarged  hepatic  parenchymal  cells 
with  large  nuclei  (Magee  et.  ai-,  1976).  and  tumors  of  the  liver  and  other 
organs  (EPA,  1980f). 

5  •  1  ■  21  •  3  Quantlf  icat.iQD_Ql_lQxic_£ffects 

No  chronic  EPA  criteria  have  been  established:  therefore,  an  estimate  of  an 
acceptable  water  concentration  was  made  using  the  EPA  lowest  acute  value 
(5,850  ppb).  An  uncertainty  factor  of  10^  was  applied  to  yield  an 
acceptable  water  concentration  of  DMNA  of  53  ppb. 

The  acute  oral  LD50  '•'ss  :<0  mg, kg  bw/day  for  rats.  From  a  water  consumption 
rate  for  rats  of  0-125  1/kg  bw'day  and  the  LDsq.  the  acceptable  water 
concentration  becomes: 

_ LOAIL _  -  iO.BgZkg.bviday _ •  320  mg/1 

Water  Intake  0125  1/kg  bw/day 

Application  of  uncertainty  factors  of  l.OOO  to  convert  the  UD50  to  a  NOEL, 
and  5  for  interspecific  variation,  result  In  an  acceptable  water 
concentration  of  0  06“*  mg/1  (6:*  ppb). 

There  Is  no  Indication  that  DMNA  bloaccumulates :  therefore,  a  Final  Residue 
Value  was  not  calculated.  A  summary  of  the  acceptable  water  concentrations 
(ppb)  for  DMNA  Is  as  follows: 


EPA 

Surface  Water 

Final  Residue 

Aquat  ic 

Ingestion 

Value 

_ Life  — 

58 

6^ 

NA 

NA 

The  lo 

wer  of  the  estimated  criteria.  53-5  ppb. 

Is  used  as  the  .iccept .to! e 

water 

concentrat Ion  that 

will 

be  protective  of 

all  wildlife  populations 

RMA. 

Dus  to  the  lack  of 

data  . 

this  estimate  is 

uncert  a  1 n . 

Soli  criteria  for  DMNA  were  not  calculated  due  to  lack  of  data. 
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5.1.22  l.A-OXATHIANE 

EPA  water  quality  criteria  are  unavailable  for  oxathlane.  Oxathlane  Is  a 
mustard  decomposition  product  with  a  water  solubility  of  20  g/l- 

5-1.22.1  Aquatic-Ecosystsajs 

No  Information  regarding  the  toxicity  of  oxathlane  was  available  In  the 
literature  reviewed. 

5.1.22.2  lecrestclal-Iwosysteis 
Claols 

No  Information  regarding  the  toxicity  of  oxathlane  was  available  In  the 
literature  reviewed. 

Inverlebcates 

No  Information  regarding  the  toxicity  of  oxathlane  was  available  in  the 
literature  reviewed. 

Sleds 

No  Information  regarding  the  toxicity  of  oxathlane  was  available  In  the 
literature  reviewed. 

tjaaoais 

In  a  study  by  Mayhew  and  Muni  (1936).  the  LDjg  for  male  and  female  rats  was 
3.323  mg.'xg  bw  and  3-000  mg/kg  bw.  respectively.  Toxic  effects  Included 
coma,  polypnea,  lacrlmatlon.  dyspnea,  lethargy,  ataxia,  cyanosis,  squinted 
eyes,  eplstaxls.  wheezing,  decreased  body  temperature,  plloerect ion.  hunched 
posture,  and  alopecia-  Results  from  necropsy  showed  discolored  Intestines. 
Intestinal  contents  and  stomach  contents,  gaseous  stomach  or  Intestines,  and 
distended  and  discolored  urinary  bladder. 

5.1.22.3  OuaatlIlcai.iQa-of_I.o:iic_£f  feels 

No  water  quality  crlterl.a  have  be-en  established,  and  data  were  unavailable 
In  the  literature  reviewed;  therefore,  criteria  for  the  protection  of 
aquatic  life  could  not  be  established  for  oxathlane. 
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Water  criteria  are  also  estimated  for  surface  water  consumption.  The  LDjq 
was  3.000  mg/kg  bw/day  for  female  rats.  From  a  water  consumption  rate  for 
rats  of  0.125  1/kg  bw/day  and  the  1050.  the  acceptable  water  concentration 
becomes : 


-LQAEL _ -  3AQQQ.mgZkg_bwZdax _ •  2U.000  mg/1 

Water  Intake  0125  1/kg  bw/day 

Uncertainty  factors  of  1,000  to  convert  the  LDjg  to  a  NOEL,  and  5  for 
Interspecific  variation,  result  In  an  acceptable  water  concentration  of.it.S 
mg  '1  (it  .800  ppb) . 

There  Is  no  Indication  that  oxathlane  bioaccumulates:  therefore,  a  Final 
Residue  Value  was  not  calculated.  A  summary  of  the  acceptable  water 
concentrations  (ppb)  for  oxathlane  Is  as  follows: 

EPA  Surface  Water  Final  Residue  Aquatic 

_ Insesiloa _ 'ialue _ Li£e__ 

NA  it.  300  NA  NA 


The  only  estimated  criterion.  tt.oOO  ppb.  Is  used  as  the  acceptable  water 
concentration  that  will  be  protective  of  all  wildlife  populations  at  RMA- 
Due  to  the  lack  of  data,  this  estimate  Is  highly  uncertain. 

Soli  criteria  for  oxathlane  were  not  calculated  due  to  lack  of  data. 

5.1.23  PARATHION 

EPa  criteria  for  the  protection  of  freshwater  aquatic  organisms  for 
parathlon  are  0.013  ppb  for  a  four  day  average  concentration  with  the  one 
hour  average  not  to  exceed  0065  ppb  more  than  once  every  three  years  (EPA. 
lS3ba).  Toxicity  of  parathlon  Is  the  result  of  metabolic  conversion  to  Its 
oxygen  analogue,  paraoxon.  and  Its  subsequent  binding  to  and  Inhibition  of 
various  enzyme  systems,  particularly  acetylcholinesterase  (AChE)  (EPA, 
1936a).  Parathlon  has  a  great  affinity  for  organic  matter  and  Is  quickly 
adsorbed  to  sediments  and  particulate  matter  (EPA.  1986a).  Parathlon  Is 
highly  insoluble  In  water. 
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5.1.23.1  AquatiC-HcQSjsiea 

ElaoLs 

The  blue-green  alga,  Microc;istis  aecuginosa,  exhibits  Incipient  Inhibition 
at  a  parathlon  concentration  of  30  ppb  (Brlngmann  and  Kuhn,  1973a. b).  The 
green  alga.  Scesedesmus  quadcicauda-  Is  not  adversely  effected  at 
concentrations  below  390  ppb  (Brlngmann  and  Kuhn.  1977:  1973a. b). 


Icvectabcates 

.Acute  LC50  values  for  aquatic  Invertebrates  range  from  O.Oi  ppb  In  early 
Instar  crayfish  (OccoEectes  nals)  to  5,230  ppb  In  tublflcld  worms  (lubilex 
sp.  and  LlainadEiius  sp.)  (EPA.  1936a)  .  Ahmed  (1977)  observed  a  range  for 
2M-hr  LC50S  from  1.3  to  “.0  ppb  In  six  freshwater  coleopteran  species. 

In  a  21-d3y  life-cycle  test  with  Daphoia  aagaa.  the  LC5Q  was  0.1“.  ppb: 
reduced  number  of  young  was  observed  at  0.12  ppb.  and  no  observed  effects  at 
0.0317  ppb  (Spade.  1976:  Spade  st  ai..  1931). 

Eisb 

Acute  LC50  values  for  fish  range  from  56  ppb  In  guppy  (  Poec 111a 
ceticulaia)  to  2.650  ppb  In  channel  catfish  (IciaiuEus  pundaLus)  (EPA. 
1936a). 


Spade  (  1976)  and  Spade  eL  al-  (1931)  conducted  life-cycle  tests  on  fathead 
minnows  and  blueglll.  Fathead  minnows  were  significantly  affected  by 
exposure  to  parathlon  at  9.0  ppb.  but  not  at  it  ■  u  ppb.  Parathlon 
concentrations  of  O.)'.  ppb  caused  deformities  and  tumors  In  adult  bluegllls. 
but  did  not  effect  reproduction  or  survival  of  any  life  stage.  Inhibition 
of  AChE  has  been  reported  In  brains  of  several  freshwater  fish  with  no 
effects  observed  at  0.17  ppb  (Welss.  1961).  The  results  of  reduction  of 
brain  AChE  on  normal  activities  such  as  feeding,  reproduction,  and  predator- 
prey  relationships  are  not  known  (EPA.  1936a). 

Studies  with  various  fish  species  Indicated  that  brook  trout  concentrated 
parathlon  residues  to  a  greater  extant  than  fathead  minnow  or  blueglll 
(Spade.  1976;  Spacle  el  al..  1931).  Brook  trout  exposed  for  180  and  260 
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days  at  varying  parathton  concentrations  had  geometric  mean  BCFs  of  155. 
with  a  range  from  31  to  573-  In  260  days  at  varying  concentrations, 
fathead  minnows  concentrated  parathlon  residues  by  a  mean  factor  of  '35.  with 
a  range  from  32.'3  to  201-^-  After  5a0  days,  the  BCF  for  blueglll  was  27. 

5.1.23.2  Teij:.eSutxlaL  JEj:iisx5Lt.ejtis._ 

Eiants 

No  Information  regarding  the  toxicity  of  parathlon  was  available  In  'he 
literature  reviewed. 

iQvectehcates 

Parathlon  was  not  highly  toxic  to  the  mite.  Ecseius  hiblsci  (Chant) 

(Tanlgoshl  and  Fargerlund.  198‘<).  The  IC^q  for  E^  hibisci  was  g 

(AI)/100  1  (<..<430  mg  (Al)/1).  Resistant  populations  of  E^  hibisci  have  been 
reported  ( Tanlgoshl,  and  Fargerlund.  198A).  and  large,  spec  les-spec  1  f  Ic 
differences  In  susceptibility  to  parathlon  have  been  observed  (Bellows  and 
Morse.  1953).  Mortality  relating  to  parathlon  treatment  fell  almost  to 
control  levels  within  10  days  following  application  (Bellows  and  Morse, 

1983). 

Binds 

Oral  LO50S  fot"  nine  avian  species  range  from  1.6  mg/kg  bw  In  mallard  to 
29.0  mg/kg  bw  In  chukar  (EPA.  1975).  The  geometric  mean  value  for  the  nine 
species  represented  Is  9.2  mg/kg  bw . 

Mammals 

Acute  oral  LD50S  for  parathlon  In  rat  and  mouse  are  2  mg/kg  bw  (Weiss  and 
Orzel.  1967)  and  6  mg/kg  bw  (Agricultural  and  Biological  Chemistry.  1961). 
respectively.  Female  rats  are  more  sensitive  to  oral  doses  of  parathlon 
than  males  as  Indicated  by  average  oral  LDjq  values  for  male  and  female  rats 
of  7.6  mg/kg  bw  and  3.5  mg/kg  bw .  respectively  (EPA.  1975).  The  acute  oral 
toxicity  of  parathlon  to  dogs  has  been  reported  to  r.ange  from  3  0  to  5-0 
mg/kg  bw  (Council  of  Europe.  196*.). 

In  long-term  studies,  30  percent  mortality  occurred  In  rats  fed  15.9  mg/kg 
bw/day  for  15  to  16  weeks  ( Edson  and  Noakes,  I960).  A  dietary  level  of 
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50  ppm  was  toxic  to  A2  percent  of  a  population  of  rats,  with  death  occurring 
early  In  the  test  period  (Barnes  and  Den2,  1951).  Lehman  (1952)  reported  a 
NOEL  of  10  ppm  (an  estimated  value  of  0-75  mg/kg  bw/day  (Sax.  198^))  for 
rats  for  2-year  exposures-  Based  on  changes  In  cholinesterase  levels,  the 
NOEL  In  rats  was  reported  by  Edson  et  ai-  (196^.)  as  0-02  mg/kg  bw/day  when 
fed  over  an  8^-day  period,  and  the  LOAEL  was  found  to  range  from  0-04  to 
0-06  mg/kg  bw/day.  A  dietary  level  of  50  ppm  produced  no  effect  on 
gestation  In  rats  (Haaelton  and  Holland.  1959).  At  dietary  levels  of  2  ppm, 
plasma  and  RBC  cholinesterase  levels  are  reduced  as  much  as  70  percent  In 
dogs  (Frawley  and  Fuyat.  1957).  In  a  90-day  study  by  Hazelton  and  Holland 
(1950).  dogs  were  nervous  and  Irritable  at  concentrations  of  1  mg/kg  bw/day 
In  the  early  stages  of  the  study,  but  resumed  normal  behavior  In  the  final 
month.  Some  degenerative  changes  In  the  liver  were  observed  at  this 
concentration.  In  the  species  studied,  there  Is  no  appreciable  tissue 
accumulation  of  residue,  and  death  generally  occurred  only  In  cases  where 
parathlon  was  given  as  an  acute  toxic  dose  (EPA.  1975). 

5.1.23.3  Quan!iiIicai.iQn_Qi_lQxic_EfIscis 

The  EPA  criteria  are  used  to  establish  the  acceptable  water  concentration  of 
parathlon  for  aquatic  organlsms- 

Water  criteria  are  also  estimated  based  on  surface  water  consumption  and 
health  effects  data-  Since  the  subchronic  NOEL  for  rats  of  0-02  mg/kg 
bw/day  was  lower  than  the  chronic  NOEL  of  0-75  mg/kg  bw/day.  the  subchronic 
value  was  used  to  derive  water  criteria-  Using  a  water  consumption  rate  for 
rats  of  0-125  1/kg  bw/day,  the  acceptable  water  concentration  becomes; 

...NOEL _  -  Q^Q2_cgZkg.btffday._  -  0-16  mg/1 

Water  Intake  0125  i/kg  bw/day 

Applying  an  uncertainty  factor  of  10  to  convert  the  subchronic  NOLL  to  a 
chronic  NOEL,  and  5  for  Interspecific  variation,  result  In  an  acceptable 
water  concentration  of  0-0032  mg/l  (3-2  ppb). 


There  Is  no  indication  that  parathlon  blo.accumulates  to  a  significant 
extent;  therefore,  a  Final  Residue  Value  was  not  calculated-  A  summary  of 
the  acceptable  water  concentrations  (ppb)  for  parathlon  Is  as  follows: 
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r  .J  ti.  .‘.n  jiij  , 


EPA  Surface  Water  Final  Residue  Aquatic 

_  _lngestiQ0 _ Value _  — Life — 

0.013  3.2  NA  NA 


The  lower  of  the  estimated  criteria.  0.013  ppb.  Is  used  as  the  acceptable 
water  concentration  of  parathlon  that  will  be  protective  of  all  wildlife 
populations  at  RMA. 

Soil  criteria  for  parathlon  could  not  be  calculated  at  this  time  due  to  lack 
of  data. 

5.1.2m  polychlorinated  SIPHENYLS  (PCBs) 

PCBs  are  a  mixture  of  chlorinated  biphenyls  with  varying  numbers  of  chlorine 
atoms  on  the  aromatic  rings  (EPA.  193i<g).  The  acute  and  chronic  criteria 
for  protection  of  aquatic  organisms  are  2.0  and  O.OK  ppb.  respectively 
(EPA.  19S0g).  PCBs  have  high  oc tanol-water  partition  coefficients  (Chlou 
ei  ai'.  1977),  accumulate  In  food  chains,  are  relatively  Insoluble  In  water, 
and  have  a  high  affinity  for  organic  matter  In  sediments  (EPA.  1980g). 

5.1.2M.1  aquatiC-IcQsysieos 
Elacts 

PCBs  reduce  growth,  motility,  and  affect  cell  productivity  in  various 
species  of  algae  (EPA.  1950g).  Effective  concentrations  range  from  0.1  ppb 
for  Scenedssaus  quadcicauda  exposed  to  Aroclor  125^  for  24  hr.  to  10.000  ppb 
for  the  alga.  Eugleca  gracilis-  exposed  to  Aroclor  12^2  for  3  days  (EPA. 
l?30g). 


Inveriebcates 

The  LC5Q  values  for  Aroclor  1254  for  D-  aagaa  for  2  or  3  week  exposures 
ranges  from  1-3  to  24  ppb  (EPA.  1980g)-  The  96-hr  LC50  values  for  the  scud. 
Gaoaacus  lascialus-  range  from  10  ppb  for  Aroclor  1242  to  2,400  ppb  for 
Aroclor  1254  (EPA,  1980g).  For  the  scud.  G-  pseudoiiacaaus •  9b-hr  LC5g 
values  ranged  from  29  ppb  for  Aroclor  1243  to  210  ppb  for  2. 4, 5.2'. 5'- 
pentachloro-blphenyl  (EPA.  1980gj.  The  1050  for  exposure  to  Aroclor  1254 
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for  the  damselfly.  Ischnuca  verticaiis-  is  200  ppb  (EPA.  1980g)-  The  midge, 
lanytarsus  dissiniiis-  exhibits  toxic  effects  at  concentrations  of  0-3  ppb. 
making  It  the  most  sensitive  aquatic  Invertebrate  reported  In  EPA.  1930g. 

Eish 

Under  flow-through,  measured  conditions.  PCBs  are  acutely  toxic  to  fish  at 
concentrations  of  2-0  to  300  ppb  (EPA.  1930g)-  Studies  by  Johnson  and 
Finley  (  1980)  Indicated  96-hr  LC50  values  ranging  from  3  to  ‘<33  ppb- 
Concentrations  resulting  in  toxic  effects  for  chronic  exposures  are  lower, 
ranging  from  0-1  to  15  0  ppb  for  fathead  minnows  exposed  to  Aroclor  12‘.8. 
1260.  12‘<2.  and  125‘<  (EPA.  19S0g)-  The  concentrations  resulting  In  toxic 
effects  on  brook  trout  for  chronic  exposures  also  fall  within  this  range- 
Brook  trout  fry  exhibited  decreased  growth  when  exposed  for  iio  days  to 
Aroclor  125‘<  at  concentrations  of  1-5  ppb  or  greater  (Johnson  and  Finley. 
1930).  The  NOEL  for  fish  is  0.‘<3  ppb  for  Aroclor  1259  using  decreased 
hydroxyprol Ine  concentration  In  brook  trout  collagen  as  a  toxicological 
endpoint  (Johnson  and  Finley-  1930)- 

Bloconcentrat Ion  factors  for  PCBs  Increase  with  Increasing  chlorine  content 
(Callahan  el  ai • .  1979).  SCFs  for  various  species  exposed  to  different  PCBs 
range  from  3-000  in  brook  trout  muscle,  to  279.000  for  fathead  minnow  (whole 
body)  (EPA.  19S0g)-  Bloconcentrat Ion  factors  for  Aroclor  1298  and  1259  by 
channel  catfish  were  56-370  to  60.190  after  60  days  (Johnson  and  Finley. 

1930) - 

5-1-29.2  lerceslciai-IcQsysleos 
Biacis 

No  Information  on  the  toxicity  of  PCBs  to  plants  was  found  In  the  literature 
rev  1 ewed  . 

InvecLebcatas 

No  Information  on  the  toxicity  of  PCBs  to  Invertebrates  was  found  In  the 
literature  reviewed. 
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Bicds 

PCBs  In  diet  at  levels  of  10  to  20  ppm  reduced  hatchablllty  of  eggs  of 
chickens  and  Japanese  quail;  the  NOEL  was  1-0  ppm  (0.175  mg/kg  bw/day  was 
estimated  for  quail  assuming  a  food  consumption  equivalent  to  a  chicken 
(Sax.  198k))  (Scott,  1977).  No  effects  were  observed  on  eggshell  thickness- 
Reproductive  success  was  decreased  and  behavior  of  offspring  altered  for 
adult  pheasants  orally  administered  50  mg  PCS  weekly,  whereas  pheasants 
receiving  12-5  mg  weekly  did  not  differ  significantly  from  controls 
(Dahlgren  and  Linder.  1971).  Aroclor  125k  In  diet  at  levels  of  200  ppm 
resulted  In  behavioral  changes  In  coturnlx  quail  chicks  (Kreltzer  and  Heinz, 
197<,). 

Levels  af  PCBs  are  higher  In  fat  chan  In  other  tissues  of  cormorants  and 
pelicans  (Grelchus  et  ai,,  1973).  PCBs  accumulate  In  bald  eagles:  carcass 
residues  on  a  lipid  weight  basis  In  one  study  were  approximately  two  orders 
of  magnitude  higher  than  brain  residues  on  a  wet  weight  basis  (Sarbehenn  and 
Relchel.  1931).  Residues  of  310  ppm  or  more  In  brain  Indicate  death  from 
rCB  poisoning  (Stlckel  et  ai-,  195k).  Residue  concentrations  In  birds  that 
died  on  dosage  vere  similar  In  most  species  tested,  although  the  time  to 
50  percent  mortality  and  the  brain  residue  levels  In  sacrificed  survivors 
varied • 


daasals 

Acute  oral  LD5Q  values  for  rats  for  various  PCBs  range  from  0-79^.  to 
5.169  g.'kg  bw  (79k  to  3.269  mg/kg  bw)  (EPA.  1930g).  Chronic  exposure  to 
PCBs  results  In  toxic  effects  at  much  lower  concentrations-  Exposure  to 
PCBs  can  affect  the  liver,  skin,  gastrointestinal  tract,  and  nervous  system 
(EPA.  1950g).  ATSDR  (1937)  presents  criteria  for  minimal  risk  of 
noncarc 1  nogen Ic  effects  In  animals  as  0-002  mg/kg/day  Cor  exposures  less 
than  or  equal  to  Ik  days-  and  as  0-0001  mg/kg-day  for  e.xposures  exceeding 
Ik  days- 


Lethal  dietary  levels  lor  different  PCBs  for  several  m.ammallan  species  range 
from  379  to  2.000  ppm.  while  nonlethal  levels  are  observed  to  be  100  ppm  and 
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lower  (EPAi  1980g).  Diets  of  1.000  ppm  (50  mg/kg  b«)  over  a  period  of 
3  days  were  lethal  to  male  rats  (EPA.  1980g):  mortality  occufed  l;'i  "-.wS 
dosed  at  levels  of  500  ppm  and  higher  In  diet  (Kimbrough  ei  ai-.  1972). 

Rats  dosed  with  100  mg/kg  bw  for  21  days  had  liver  cell  changes,  alif.  j..  h 
other  toxic  symptoms  were  lacking  (Bruckner  et  ai- .  1973)i  litter  ;  i'.  ,as 
decreased  for  rats  er'posed  to  100  to  500  ppm  Aroclor  1259  (Linder.  '  '9). 
Liver  cell  changes  were  noted  In  rats  at  doses  ranging  from  3-5  ■  9  mg/kg 

bw/day  Aroclor  1292  and  Aroclor  1016  over  a  10-raonth  period  (Buij;  at  ai-. 
1979).  A  significant  Increase  in  liver  weight  and  mild  hepetopatholosy-  was 
observed  In  mice  after  dosing  with  Aroclor  1259  for  6  months  at 
concentrations  of  3-75  ppm  In  diet:  Increased  liver  weight  and  moderate 
hepatopathology  were  observed  with  Aroclor  1292  at  dietary  levels  of 
375  ppm:  no  liver  lesions  were  observed  In  mice  dosed  with  Aroclor  1221 
(Roller.  1977). 

Mink  are  highly  sensitive  to  PCBs:  dietary  levels  of  30  ppm  for  6  months 
were  lethal  to  100  percent  of  the  animals  tested  (Aulerlch  et  al-.  1985). 

No  toxic  effects  were  observed  In  mink  fed  1  ppm  PCB  (Araclor  1259)  In  diet 
(0.05  mg/kg  bw/day  was  estimated  assuming  a  food  consumption  equivalent  to  a 
domestic  cat  (Sax.  19o9))  for  8  months  (Wren  et.  al--  1937):  other  studies 
Indicate  no  effects  at  concentrations  In  diet  of  5  ppm  (Byrne.  1974). 

However.  Aulerlch  et  ai-  (1935)  reported  Increased  liver  weights,  depressed 
progesterone  concentrations,  and  elevated  cytochrome  P-450  concentrations 
following  exposure  to  2.5  ppm  In  diet. 

PCBs  can  cross  the  placental  membrane,  and  fetotoxlclty  can  occur  In  the 
absence  of  maternal  toxicity  (EPA.  1989g).  In  rabbits,  dosages  of 
10  mg/kg/day  and  higher  resulted  In  maternal  hepatomegaly,  while  12.5  mg/kg 
bw/day  and  higher  resulted  In  fetal  death  and  abortion  (Vllleneuve  et  ai-. 
1971).  Progeny  of  mice  dosed  with  1  mg/kg  bw/day  had  an  Increased  Incidence 
of  cream  colored  liver  and  undersized  renal  papillae  (Marks  Et  ai..  1981)- 
Rats  dosed  with  70  ppm  In  water  (6.9  rag/kg  bw'day)  exhibited  maternal 
mortality  at  7  weeks  treatment,  and  fetal  resorption  (Orberg  and  Klhlstrom. 
1973)  . 
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5 • I  •  2^ . 3  Quaalil lcatlQn-Q£-Io2ic-££iecrs 

The  EPA  chronic  criteria  (O-OIA  ppb)  are  used  to  establish  the  acceptable 
water  concentration  for  aquatic  organisms- 

The  NOEL  was  0-0001  rag/kg  bw/day  for  animals  exposed  to  PCBs  for  durations 
exceeding  K  days-  Using  a  geometric  mean  water  consumption  rate  for  rats, 
mice-  and  rabbits  of  0-16  1/kg  bw/day  to  represent  an  overall  water 
consumption  value  for  mammals-  the  acceptable  water  concentration  becomes: 

.__HQEL _  -  Q^QQ01_mglkg_b'rfZday__  -  0-00062  mg/1 

Water  Intake  0-16  1/kg  bw/day 

Uncertainty  factors  for  Interspecific  variation  were  not  applied  because  the 
data  were  calculated  from  toxicity  estimates  and  water  consumption  estimates 
for  different  species-  The  NOEL  of  0-0001  mg/kg  bw/day  Is  two  orders  of 
magnitude  lower  than  the  estimated  NOEL  for  mink  (0-05  rog/kg  bw/day).  which 
are  quite  sensitive  to  the  effects  of  PCBs:  therefore,  adding  further 
uncertainty  factors  appears  to  be  overly  conservat  Ive - 

Because  PCBs  bioaccumulate  to  a  significant  extent,  a  Final  Residue  Value 
has  been  calculated  by  EPA  (1930g).  The  Final  Residue  Value  is  based  on  a 
mink  NOEL  as  a  NPTC-  A  summary  of  the  acceptable  water  concentrations  (ppb) 
for  PCBs  Is  as  follows: 

EPA  Surface  Water  Final  Residue  Aquatic 

_  .Ingestion _ 5£alue _  _ Lile_ 

0-01m  0-62  0-01*1  NA 

The  lowest  of  the  estimated  criteria.  O-OlA  ppb.  Is  used  as  the  acceptable 
water  concentration  that  will  be  protective  of  all  wildlife  populations  at 
RHA- 


Soil  criteria  for  PCBs  could  not  be  calculated  at  this  time  due  to  lack  of 
data-  Soil  criteria  have  been  estimated  by  acute  aquatic  bioassay  with  fish 
and  aquatic  Invertebrates:  however.  PCBs  are  not  as  acutely  toxic  as  they 
are  chronically  toxic,  and  criteria  should  be  based  on  chronic  toxicity  or 
bloaccumulat ion  potential  (Hose  et  ai-.  1986). 
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5.1.25  TOLUENE 

The  EPA  lowest  acute  value  for  protection  of  aquatic  freshwater  life  Is 
17,500  ppb  (EPA.  19801).  No  chronic  data  are  available-  The  half-life  In 
water  Is  - 1  hr  (MacKay  and  Zeuta.  1983)-  Toluene  Is  a  volatile  compound  and 
a  component  of  gasoline.  It  undergoes  rapid  degradation  by  microorganisms - 
The  aqueous  solubility  of  toluene  Is  515  mg/i. 

5-1-25.1  Aquatic-ZcQsystens 
EiaoLs 

The  2‘<-hr  £€50  for  an  alga.  Chioceila  vuigacis-  for  reduction  of  cell 
numbers  Is  2h5.000  ppb  (Kauss  and  Hutchinson,  1975).  The  96-hr  values  for 
another  alga.  SelenasLcuta  capriconnutum-  for  reduction  of  cell  numbers  or 
for  reduction  of  chlorophyll  a  production  exceed  <<33.000  ppb  (EPA-  1978)- 

InvficLebcalea 

The  <4S-hr  EC50  for  Daphnia  nagaa  under  static  test  conditions  Is  60-000  ppb 
(Brlngman  and  Kuhn.  1959).  Chronic  data  were  unavailable- 

Eish 

The  96-hr  LC5Q  for  goldfish  (  Carasstus  auratusl  for  static  test  conditions 
was  57.680  ppb  (Pickering  and  Henderson.  1966).  while  the  LC50  under  flow- 
through  test  conditions  was  approximately  half  that  of  static-  or  22-300  ppb 
(Brennlman  el  ai-,  1976)-  The  96-hr  LC5QS  for  fathead  minnow  and  guppy  were 
3<<.270  to  42,330.  and  59,300  ppb.  respectively  (EPA.  19301).  The  blueglll 
was  the  most  sensitive  fish  species,  with  LC5Q  values  ranging  from  12.^00  to 
24-000  ppb  under  static  test  conditions;  flow-through  test  data  were 
unavailable  for  blueglll-  No  chronic  data  were  available  for  freshwater 
species ■ 

5-1-25.2  lectsstr iai-ZcQsysleas 
Elants 

No  Information  regarding  the  toxicity  of  toluene  was  available  In  the 
literature  reviewed- 
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InvecLebcates 

No  Information  regarding  the  toxicity  of  toluene  was  available  In  the 
literature  reviewed- 

Bicds 

No  Information  regarding  the  toxicity  of  toluene  was  available  In  the 
literature  reviewed- 

tjamiaals 

No  data  were  available  In  the  literature  reviewed  tor  toxic  effects  of 
toluene  on  wild  mammals;  however,  data  exist  for  laboratory  animal  studies. 
The  acute  oral  1.050  adult  rats  ranges  between  b  - and  T.53  g 'V.g  bw  (Wolf 
et  ai-.  1956:  Smyth  et  ai-.  1969:  Klmura  es,  ai-*  1971).  Toxic  effects  are 
first  observed  as  Inhibition  of  central  nervous  system  functions  at  dose 
levels  of  2-0  g/kg  bw  (Klmura  et  al- .  1971).  The  dermal  LD50  for  rabbits  Is 
12-2  g'kg  bw  (Smyth  et  ai--  1969). 

Rats  e.xposed  orally  to  concentrations  as  high  as  590  sg/kg  bw'Jay  for  2'’.6 
weeks  had  no  observed  histological  effects  to  kidneys  and  liver  (Wolf  el 
al- •  1956).  Mice  dosed  by  gavaga  wich  0-3-  0-5-  and  1-0  rol/kg'day  (  260. 

‘>20.  and  370  nig-'kg  bw/day)  on  days  6  through  15  of  gestation  had  an  Increase 
of  fetal  mortality  (Nawrot  and  Staples-  1979). 

The  LC5Q  for  rats  for  e.xposure  by  Inhalation  Is  4.618  ppm  (17.400  mg'm^)  for 
a  6-hr  exposure  (Bonnet  at  ai->  1932).  No  effects  were  observed  at 
concentrations  of  670  or  1.100  ppm  (2.340  or  4,150  rag/m^).  but  at  1,250  ppm 
(4,710  mg'ra^).  mucous  membranes  became  Irritated  and  coordination  was 
affected  (Bonnet  et  al-.  1982)- 

Rats  chronically  exposed  to  30.  100.  or  300  ppm  In  air  (113.  377,  or 
1.130  mg/m^)  for  6  h/day.  5  day/wk.  for  24  months  had  reduced  hematocrit 
values  at  the  100  and  300  ppm  dose  levels  (CUT.  1930).  Rats  exposed  to 
concentrations  in  air  as  high  as  1.500  ppm  for  26  weeks  had  no  observed 
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effects  (API.  1930a)-  In  another  study,  rats  exposed  to  265  ppm  by 
Inhalation  for  3  months  had  Increased  levels  of  cytochrome  P-/<50.  decreased 
body  weight,  and  Increased  liver  weight  In  females  (Ungvary  et  al-.  1980)- 

Toluene  can  Interact  with  other  contaminants-  Toluene  potentiates  the 
toxicity  of  perchloroe t hy lene .  competitively  Inhibits  the  effects  of 
trichloroethylene,  and  when  administered  In  conjunction  with  m-xylene-  rate 
of  urinary  excretion  Is  depressed  (EPA.  193‘<h). 

5-1-25-3  Quaalif  lcai-iQn_Q£_lQ2lc_££iecl.s 

The  EPA  Lowest  Acute  Value  (17.500  ppb)  Is  not  as  low  as  the  LC5()  for 
blueglll  (12.700  ppb);  therefore-  the  LC50  for  blueglll  was  used  to  estimate 
the  acceptable  water  concentration  for  aquatic  organisms.  An  uncertainty 
factor  of  10^  was  applied  to  bring  the  acute  value  Into  the  range  of  a 
chronic  value.  The  acceptable  water  concentration  is  127  ppb- 
Water  criteria  are  also  estimated  for  consumption  of  surface  water-  The 
subchronic  LOAEL  for  mice  (  260  mg^Vg  bw.'day)  Is  lower  than  the  chronic  NOEL 
for  rats  (590  mg-'kg  bw/day);  therefore-  the  subchronic  LOAEL  for  mice  Is 
used  to  derive  water  quality  criteria-  From  a  water  consumption  rate  for 
mice  of  0-2  l-'kg  bw.'day.  the  acceptable  water  concentration  becomes: 

..LOAIL _  -  26(3_ngZlig_ba£day _  »  1.300  mg/1 

Mater  Intake  0-2  1/kg  bw/day 

Applying  an  uncertainty  factor  of  50  to  bring  the  subchronic  LOAEL  Into  the 
range  of  a  chronic  NOEL,  and  5  for  Interspecific  variation,  result  In  an 
acceptable  water  concentration  of  5-2  mg/1  (5.200  ppb). 

There  Is  no  Indication  that  toluene  bioaccumulates  to  a  significant  extent; 
therefore,  a  Final  Residue  Value  was  not  calculated-  A  summary  of  the 
acceptable  water  concentrations  (ppb)  for  toluene  Is  as  follows: 

EPA  S'jrface  Water  Fln.il  Residue  Aquatic 

_  _ IngesLiQU _  _ Value _  _ Li£e  — 

127  5.200  NA  NA 
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The  lower  of  the  estimated  criteria.  127  ppb.  Is  used  as  the  acceptable 
water  concentration  of  toluene  that  will  be  protective  of  all  wildlife 
populations  at  KKA-  Due  to  the  lack  of  data,  this  estimate  Is  highly 
uncertain. 


Soil  criteria  for  toluene  could  not  be  calculated  at  this  time  due  to 
Insufficient  data- 


5-1.26  TRICHLOROETHYLENE 

Data  were  Insufficient  to  calculate  acute  criteria,  but  the  LOAEL  for  acute 
exposure  of  freshwater  life  to  trichloroethylene  Is  iS.OOO  ppb  (EPA.  19B0j). 
Data  were  Insufficient  to  calculate  chronic  criteria  of  trichloroethylene  to 
freshwater  life,  but  adverse  effects  were  observed  at  concentrations  as  low 
as  21.900  ppb  (EPA.  1930j)-  Trichloroethylene  does  not  tend  to  persist  In 
the  environment  due  to  rapid  photo-oxldat Ion  In  air  (EPA.  1950j). 
Trichloroethylene  l.s  highly  soluble  In  lipids  (ACCIH.  1936). 

5.1  ■26. 1  AquaLlc.EcosysLeoja 
Elams 

No  Information  regarding  the  toxicity  of  trichloroethylene  was  available  In 
the  literature  reviewed- 


lD3isct.sbcat.es 

Static  tests  with  Q-  lajna  resulted  in  t«3-hr  EC5Q  values  ranging  from  <.1.000 
to  100.000  ppb  (EPA.  19S0j).  Static  tests  with  D-  pules  resulted  In  a  lower 
range  of  <43-hr  IC^q  values  than  D-  magna-  with  values  ranging  from  39.000  to 
51.000  ppb  (EPA.  lOaOjl- 

Eish 

In  flow-through  tests  with  fathead  minnow,  the  96-hr  LCr^Q  was  <<0.'00  ppb 
(Alexander  et.  al - .  1973).  Static  tests  resulted  In  a  higher  96-hr  LCjq  of 
66.800  ppb  (Alexander  et  al-.  1973).  The  96-hr  LCjq  for  blueglll  was 
<(<1.700  ppb  (EPA.  1973).  At  exposures  for  96-hr  to  21-900  ppb.  fathead 
minnows  exhibited  loss  of  equilibrium  (Alexander  ei.  al-.  1978). 
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Trichloroethylene  does  not  tend  to  concentrate  In  biota  as  Indicated  by  a 
whole  body  BCF  of  17  for  a  lA-day  exposure  period  for  bluegill  (EPA,  1978). 
BCFs  less  than  100  Indicate  little  transfer  of  residues  up  aquatic  food 
chains  (ASTM.  1985).  Tissue  half-life  was  less  than  one  day  (EPA,  1978). 

5.1.26.2  IecEEStrial_£cQsysteos 
Plants 

No  Information  regarding  the  toxicity  of  trichloroethylene  was  available  In 
the  literature  reviewed- 

Invectebcates 

No  Information  regarding  the  toxicity  of  trichloroethylene  was  available  In 
the  literature  reviewed- 

Birds 

No  Information  regarding  the  toxicity  of  trichloroethylene  was  available  In 
the  literature  reviewed • 

(januiials 

Trichloroethylene  Is  readily  absorbed  by  all  routes  of  exposure  (Goldstein 
et  ai',  197(.).  In  rats.  72  to  55  percent  of  an  oral  dose  Is  excreted  In 
expired  air.  10  to  20  percent  In  urine,  and  less  than  0-5  percent  In  feces 
(Daniel.  1963).  The  acute  oral  LDjq  values  for  mammals  range  from  2.400 
mg/kg  bw  for  mice  to  7.330  mg/kg  bw  for  rabbit  (ATSDR.  1988).  At  oral  dose 
levels  of  660-2  mg/kg  bw/day  for  male  mice  and  793-3  mg/kg  bw'day  for  female 
mice,  decreased  body  weight-  Increased  kidney  and  liver  weights,  and 
Increased  ketones  and  proteins  In  urine  were  observed  (Tucker  ei  al->  1932). 
Increased  liver  weights  and  elevated  urine  ketones  and  proteins  were 
observed  In  male  mice  at  a  lower  dose  level  of  216-7  and  393-0  mg/kg  bw/day. 
respectively.  The  NOELs  tor  male  and  female  mice  for  a  6-month  oral 
exposure  are  18-9  and  17.9  mg/kg  bw/day.  respectively-  based  on  effects  such 
as  Increased  organ  weights  and  urinary  protein  levels  (EPA.  19891)- 

Ihe  LC503  for  exposure  by  inhalation  for  mice  range  from  7,980  ppm  for  a 
9-hr  period  to  99,000  ppm  for  a  O-S-hr  period.  The  .LC5()S  for  rats  range 
from  12.500  ppm  for  a  9-hr  exposure  to  26.300  ppm  for  a  1-hr  exposure 
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(ATSDR.  1988).  Trichloroethylene  is  a  central  nervous  system  depressant: 
the  effects  are  reversible  in  rats  following  4-hr  dally  exposures  by 
Inhalation  to  670  mg/m^  over  a  3  to  ^  week  period  (Goldberg  et  ai-.  1964). 
Rabbits  exposed  by  Inhalation  to  9,530  mg/m^  over  a  20  to  30  day  period 
exhibited  damage  to  the  cerebellum,  basal  ganglia,  and  brain  stem  nuclei 
(Bernardl  et  ai-.  1956).  Similar  effects  appeared  In  dogs  exposed  to 
1.600  to  2.700  mg/m^  (Baker.  1958)-  Other  toxic  effects  Include  liver  and 
kidney  failure  at  high  dose  levels  (Klaasen  and  Plaa.  1967),  where  liver 
failure  Is  marked  by  binding  of  trichloroethylene  metabolites  to  proteins 
and  nucleic  acids  (Bolt  and  Fllser,  1977). 


The  toxicity  of  trichloroethylene  Is  enhanced  by  exposure  to  PCBs  and  other 
contaminants  (Carlson,  197:,:  Hoslen  et  al-.  1977b:  Reynolds  and  Moslen. 
1977).  For  example,  a  synergistic  effect  Is  observed  with  PCBs  and 
trichloroethylene  to  cause  liver  damage- 

Data  for  persistence  In  rats  exposed  orally  to  trichloroethylene  Indicate  a 
half-life  of  5  hours  (Daniel,  1963)-  Trichloroethylene  was  undetectable  In 
expired  air  of  rats  8  hours  after  treatment  with  concentrations  In  air  of 
330  ppm  (Klmmerle  and  Eben.  1973a). 

5-1.26-3  QuantlIicatiQn_Qf_Iaxic_£fIects 

The  chronic  LOAEL  reported  by  EPA  (21,900  ppb)  was  used  to  establish  the 
acceptable  water  concentration  for  aquatic  organisms-  An  uncertainty  factor 
of  10  was  applied  to  bring  the  LOAEL  Into  the  range  of  a  NOEL  (2,190  ppb). 

The  chronic  NOEL  was  17.9  mg/kg  bw/day  for  female  mice-  Using  a  water 
consumption  rate  for  mice  of  0-2  1/kg  bw/day,  the  acceptable  water 
concentration  becomes; 

_ NOEL _  «  12-L2_agikg_byfday  •  89.5  mg/ 1 

Hater  Intake  0-2  1/kg  bw/day 

Applying  an  uncertainty  factor  of  5  for  Interspecific  variation  results  In 
an  acceptable  water  concentration  of  17.9  mg/1  (17.900  ppb). 
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There  Is  no  Indication  that  trichloroethylene  bloaccumulates:  therefore,  a 
Final  Residue  Value  was  not  calculated.  A  suicmary  of  the  acceptable  water 
concentrations  (ppb)  for  trichloroethylene  Is  as  follows: 


EPA 

Surface  Water 
_ Ingestion  __ 

Final  Residue 
_  Value  _  _ 

Aquat Ic 
_ life  . 

2.190 

17.900 

NA 

NA 

The  lower  of  the  estimated  criterion.  2.190  ppb.  Is  used  as  the  acceptable 
water  concentration  of  trichloroethylene  that  will  be  protective  of  all, 
wildlife  populations  at  RMA.  Due  to  the  lack  of  data,  this  estimate  Is 
highly  uncertain. 

Soil  criteria  for  trichloroethylene  could  net  be  calculated  at  this  time  due 
to  Insufficient  data. 

5.1.27  XYLENE 

Ambient  water  quality  criteria  are  unavailable  for  the  protection  of  fresh¬ 
water  aquatic  life.  The  half-life  In  water  ranges  from  2.6  to  11  days  for 
the  three  forms  (Burns  at  al.  1931).  According  to  the  EPA  (1987g).  xylenes 
bind  to  soli  and  slowly  migrate  with  groundwater.  Xylenes  are  biodegradable 
In  surface  water,  but  not  In  ground  water.  The  aqueous  solubility  of  xylene 
Is  ISO  mg/1 . 

5.1.27.1  Aquatic-fcQsystens 
Eiants 

Eiodea  sp-  and  EoiaacgaLon  nodasus  exposed  to  100  ppm  xylene  died  within 
U  weeks:  no  effects  were  observed  at  an  exposure  of  5  ppm  (Frank  et  al-. 
1961).  Dunstan  el  al.  (1975)  exposed  four  species  of  phytoplankton  to 
xylene.  Growth  was  Inhibited  at  100  ppm  for  one  species  and  at  10  ppm  for 
the  other  five- 

InvecLebcates 

No  Information  regarding  the  toxicity  of  xylene  to  aquatic  Invertebrates  was 
available  In  the  literature  reviewed . 
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Elsh 

For  rainbow  trout  and  bluegilli  96-hr  LC50  values  are  8.2  and  13.5  ppm, 
respectively  (Johnson  and  Finley,  1980).  In  four  species  of  fish,  2A-hr 
iC5o  values  were  2k  ppm  for  blueglll,  28.8  ppm  for  fathead  minnow,  30.6  ppm 
for  goldfish  under  flow-through  conditions,  and  36.8  ppm  for  goldfish  under 
static  conditions;  the  ^8-hr  and  96-hr  I.C5QS  were  similar  to  the  2^-hr  LC50S 
for  the  above  species  (Pickering  and  Henderson,  1966).  The  major  action  of 
xylene  on  coho  salmon  is  an  Increase  in  permeability  of  the  membranes 
causing  a  loss  of  fatty  substances  (Morrow  et  al. ,  1975).  Effects  of  acute 
toxicity  Include  rapid,  violent  and  erratic  swimming;  coughing  or 
backflushlng  water  over  the  gills;  Increased  irritability;  loss  of 
equilibrium;  paralysis  and  death  (Liebmann,  1960;  Morrow  ei  al.,  1975). 

5.1.27.2  Ierr£si:rial_EcQsysteiDS 
Elanls 

No  information  regarding  the  toxicity  of  xylene  was  available  in  the 
literature  reviewed. 

loyeclehcalss 

No  information  regarding  the  toxicity  of  xylene  was  available  in  the 
literature  reviewed. 

Birds 

No  information  regarding  the  toxicity  of  xylene  was  available  in  the 
literature  reviewed. 

Mammala 

In  rats,  acute  oral  LD50  values  range  from  k,20Q  to  5,000  mg/kg  bw  (NIOSH. 
1978).  Pregnant  mice  exposed  orally  to  2,060  mg/kg/d.iy  on  days  6  through 
15  of  gestation  had  increased  resorption,  fetal  malformations,  and  decreased 
fetal  body  weights  while  at  1,030  mg/kg/day.  no  apparent  effects  were 
observed  on  fetal  or  maternal  toxicity  (Marks  el  al.,  1982). 

In  a  study  by  Bowers  ei.  al .  (1982),  20  male  rats  weighing  0.8  to  0.9  kg  were 
fed  o-xylene  at  a  dose  of  200  ppm  in  diet  (approximately  12  mg/kg  bw/day 
(Sax,  198^)).  Animals  were  sacrificed  at  1.  2,  3,  and  6  months.  No  gross 
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pathological  abnormalities  of  the  liver  were  observed.  This  study  indicated 
a  NOEL  of  200  ppm  based  on  ultrastructural  changes  In  liver  morphology.  The 
■(i-hour  inhalation  LC5Q  for  rats  is  A, 700  to  6i700  ppm  (Carpenter  eJL  al  •  , 
1975;  Harper  at  al-i  1975).  For  female  mice  exposed  to  2,000  ppm  xylene  In 
the  air  6  h/d  on  days  6  through  12  of  gestation,  decreased  fetal  weights  and 
delayed  ossification  occurred  (Shlgeta,  1983).  In  another  study,  Ungvary 
£l  al.  (1980)  determined  an  inhalation  NOEL  for  fetotoxlclty  of  96  ppm. 

In  a  study  by  Carpenter  et  al-  (1975),  male  rats  and  dogs  were  exposed  to 
mixed  xylene  vapors  6  hr/day,  5  day/week  for  13  weeks.  At  the  highest  dose, 
810  ppm,  rats  had  Increased  erythrocyte  and  monocyte  counts  after  3  weeks 
which  disappeared  during  weeks  7  through  13  of  the  experiment  with  no 
adverse  effects  at  A60  ppm.  At  the  highest  dose,  male  dogs  showed  no  effect 
on  blood  cell  count,  clinical  chemistry,  urinalysis,  body  weight,  liver  and 
kidney  weight.  In  an  18-week  Inhalation  study  by  Savolalnen  et  al.  (1979), 
male  rats  were  exposed  to  300  ppm  for  6  hr/day,  5  day/week.  Brain  enzymes 
decreased  during  the  study  but  after  18  weeks  were  not  significantly  lower 
than  controls-  Behavioral  changes  such  as  decreased  preening  and  reduced 
activity  were  observed.  In  a  one  year  toxicity  study  of  Inhaled  o-xylene, 
Tatral  ei  al-  (1981)  estimated  a  NOEL  In  rats  to  be  1,000  mg/kg. 

5.1.27.3  QuantlficatiQn_of_lQxic_Ef feels 

EPA  criteria  have  not  been  established  for  the  protection  of  aquatic 
organisms  for  xylene,  and  chronic  toxicity  data  are  unavailable-  The  lowest 
acute  value,  8-2  ppm  for  rainbow  trout.  Is  divided  by  an  uncertainty  factor 
of  102  to  yield  an  acceptable  water  criterion  of  0.032  mg/1  (82  ppb)- 

Water  criteria  are  also  estimated  based  on  toxicity  due  to  consumption  of 
surface  water.  The  chronic  NOEL  was  12  mg/kg  bw/day  for  male  rats-  Using  a 
water  consumption  rate  for  rats  of  0-125  1/kg  bw/day,  the  acceptable  water 
concentration  becomes: 

_ NOEL _  -  _12_agZkg_bHZday_  -  96  mg/1 

Water  Intake  0-125  1/kg  bw/day 

An  uncertainty  factor  of  5  for  Interspecific  variation  results  In  an 
acceptable  water  concentration  of  19-2  mg/1  (19,200  ppb)  for  xylene- 
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There  Is  no  Indication  that  xylene  bloaccumulates ;  thereforei  a  Final 
Residue  Value  was  not  calculated.  A  summary  of  the  acceptable  water 
concentrations  (ppb)  for  xylene  Is  as  follows: 

EPA  Surface  Water  Final  Residue  Aquatic 

- iDgfislion _ Value _ 

NA  19,200  NA  82 

The  lower  of  the  estimated  criterion,  82  ppb,  Is  used  as  the  acceptable 
water  concentration  that  will  be  protective  of  all  wildlife  populations  at 
RMA.  Due  to  the  lack  of  data,  this  estimate  Is  highly  uncertain. 

Soil  criteria  for  xylene  could  not  be  calculated  at  this  time  due  to 
Insufficient  data. 
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5  •  2  EAlIiHAXS_AIilAL2SES_IQa_MAJQS_CONIAMiaAMlS_QZ_CDHC£BM 
The  seven  major  contaminants  of  concern  (aldrlni  dleldrlni  arsenic,  DBCP, 
endrln/lsodrln,  mercury)  were  addressed  In  greater  detail  than  the  32  other 
contaminants  of  concern,  and  the  estimated  criteria  are  site-specific  as 
opposed  to  more  general  values-  The  overall  criteria  development  process  Is 
outlined  In  Figure  5.2-1-  The  acceptable  concentrations  In  water, 
sediments,  and  soil  developed  by  this  process  for  the  major  contaminants  of 
concern  are  summarised  In  Table  5-2-1-  Because  tissue  concentrations  In  the 
criteria  calculations  were  on  a  wet-weight  basis,  soil  and  sediment  criteria 
area  also  on  a  wet-weight  basls- 

Water  criteria  were  estimated  by  using  several  approaches  and  choosing  the 
most  conservative  value-  As  In  the  toxicity  assessments  for  other 
contaminants  of  concern,  direct  toxicity  to  aquatic  life  and  to  terrestrial 
organisms  Ingesting  surface  water  were  addressed:  however,  an  effort  was 
made  to  Include  primarily  organisms  that  might  be  expected  to  commonly  occur 
on  RMA-  EPA  water  quality  criteria  were  reviewed  for  applicability,  but  not 
always  used  to  represent  criteria  for  aquatic  life-  In  addition,  food  web 
contamination  was  addressed  with  the  Pathway  Analysis  to  estimate  acceptable 
surface  water,  sediment,  or  soil  concentrations  by  calculating 
bloaccumulat Ion  of  residues  In  a  food  web  developed  for  RKA- 

Surface.Hatec-IngestlQD 

Organisms  are  potentially  exposed  to  contaminants  by  Ingestion  of  surface 
water,  soli,  and  food  Items-  The  surface  water  pathway  becomes  Important 
for  animals  such  as  small  mammals,  waterfowl,  and  raptors  that  might  utilize 
surface  water  as  a  drinking  water  source-  Bloconcent rat  Ion  as  defined  for 
aquatic  organisms  Is  not  applicable  to  nonaquatlc  organisms,  because  tissue 
concentrations  are  not  a  direct  function  of  water  concentration-  However, 
uptake  of  contaminants  from  surface  water  consumption  can  occur,  with 
accumulation  rates  depending  on  the  amount  of  water  Ingested  dally  and  the 
concentration  of  contaminants  In  the  water  supply- 
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Table  5-2-1.  Acceptable  Concentrations  of  the  Major  Contaalnants  of 
Concern  In  Abiotic  Media 


Water 

(ppb) 

Sediment 

(ppm) 

Soil 

(ppm) 

Aldrln/Dleldr In 

0-03^ 

0-0055 

0.10 

Arsenic 

100 

15 

52 

DBCP 

60 

0-086 

6-10 

6.10 

Endr in/Isodr In 

0-032 

0.0019 

9-2 

Mercury 

O.OOA 

0.00^ 

1.1 

Source:  ESE,  1983. 
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Many  small  mammals  at  RMA  are  adapted  for  a  seml-arld  environment  and  do  not 
consume  surface  water  on  a  regular  basis.  For  example,  black-tailed  prairie 
dogs  (CynDinys  ludnvlelanusl  and  desert  cottontails  (Sylsrllagus  audubonii) 
obtain  most  of  their  water  needs  from  metabolic  water  (Tileston  et  al-, 

1966;  Turkowskl,  1975).  Therefore,  criteria  developed  from  water  Ingestion 
rates  for  laboratory  animals  represent  a  conservative  estimate  because  many 
small  mammals  on  RMA  don't  consume  surface  water  on  a  regular  basis,  and 
many  animals  that  consume  surface  water  could  have  access  to  uncontaminated 
water  supplles- 

Water  consumption  data  for  laboratory  rats,  mice,  and  rabbits  were  used  to 
represent  small  maimnals  at  RMA  that  may  consume  surface  water  (Sax,  198^): 

rabbit  -  0.165  1/kg  bw/day 
mouse  -  0.2  1/kg  bw/day 
rat  -  0.125  1/kg  bw/day 

Assuming  toxicity  from  dietary  exposure  Is  similar  to  toxicity  due  to 
Ingesting  contaminated  water,  an  acceptable  water  concentration  Is  derived 
from  toxicity  data  for  dietary  Intake  (LOAEL  or  NOEL)  and  water  Ingestion 
rates  for  a  similar  species- 

AquaLli:_Ll£s 

Toxicity  data  for  aquatic  life  were  examined  to  determine  the  most  sensitive 
species  that  might  occur  on  RMA.  EPA  criteria  were  reviewed,  and  used  when 
the  criteria  were  appropriate. 

Ealhifay_Analysis 

Pathway  Analysis  was  performed  to  determine  cleanup  criteria  for  the  major 
contaminants  of  concern  in  an  aquatic  based  food  web  (sedlment-water-blota) 
and  a  terrestrial  based  food  web  (soll-blota)  system  at  RMA-  The  method  Is 
based  on  reasonable  estimates  of  exposure  of  various  organisms  to 
contaminants  In  the  physical  environment  and  the  potential  for 
bloconcentrat Ion  (concentration  from  water),  bloaccumulat ion  (concentration 
from  water  and  diet),  and  blomagnlf Icat Ion  (systematic  concentration  as 
chemicals  are  passed  to  higher  trophic  levels)  exhibited  by  aldrln/dleldr In . 
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Observed  data  were  used  when  available  for  the  chemical  and  species  specific 
parameters;  when  data  were  unavailable  (as  In  the  DBCP  Pathway  Analysis), 
regression  techniques  were  utilized  to  obtain  input  such  as  BCFs-  For  the 
purposes  of  the  analysis,  all  organisms  are  assumed  to  be  In  equilibrium 
with  their  environment. 

The  objective  of  the  Pathway  Analysis  approach  was  to  calculate  a  "no 
effect"  level  for  the  major  contaminants  of  concern  for  nonhuman  species  and 
ecosystems  on  and  near  RMA.  The  approach  arrives  at  a  no  effect  level  in 
sediments  and  soils  on  RMA  by  assuming  that:  (1)  sediments  or  soils  are  the 
source  of  contamination  on  RMA,  (2)  the  contaminants  enter  the  food  web  from 
soils  or  sediments  via  water,  and  (3)  the  contaminants  become  concentrated 
In  biota  by  the  mechanisms  of  bloconcentrat Ion  and  bloaccunulat Ion .  The  no 
effect  level  In  water,  sediment,  or  soil  Is  determined  by  the  lowest 
concentration  obtained  for  these  compartments  based  upon  health  effect 
levels  and  estimated  concentration  ratios  between  the  biotic  and  abiotic 
environment . 

Two  separate  food  webs  were  developed  for  use  In  the  Pathway  Analysis:  the 
bald  eagle  food  wsb  and  the  American  kestrel  food  web-  The  eagle  food  web 
was  composed  of  aquatic  and  terrestrial  food  chains,  whereas  the  kestrel 
food  web  was  strictly  terrestrial-  The  eagle  food  web  was  applied  first, 
and  If  blomagnlf Icat Ion  was  Insignificant  (factors  less  than  1)  In  the 
single  terrestrial  food  chain,  the  kestrel  food  web  was  not  constructed  for 
that  chemical,  l-e-.  If  a  contaminant  showed  no  magnification  In  the  eagle 
terrestrial  food  chain,  then  results  were  assumed  to  be  similar  for  the 
kestrel  food  web- 

The  bald  eagle  Is  a  federally  listed  endangered  species  and  Is  a  seasonal 
component  of  food  webs  on  RMA.  The  bald  eagle  was  selected  as  the  target 
species  because  of  Its  endangered  status  and  because  It  represents  the 
highest  trophic  level  potentially  affected  by  the  bloaccunulat Ion  of 
contaminants  through  aquatic  and  terrestrial  food  chains.  Aquatic  organisms 
are  considered  to  be  the  roost  Important  links  In  the  bald  eagle  food  web 
because  they  are  constantly  exposed  to  the  contaminants  In  their  environment 
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via  surface  adsorption,  absorption,  and  uptake  across  respiratory  membranes. 
Concentration  factors  from  the  abiotic  environment  through  the  aquatic  food 
subweb  are  therefore  large. 

Mallards  were  selected  to  represent  the  waterfowl  component  of  the  bald 
eagle  diet  because  they  are  the  most  abundant  species  of  waterfowl  on  RMA. 
Breeding  female  mallards  were  chosen  to  represent  dietary  habits  because 
they  consume  a  large  percentage  of  Invertebrates  In  their  diet  (Swanson  et 
al- «  1979;  Swanson  et  al- .  1985).  and  Invertebrates  were  expected  to 
bloaccumulate  larger  residue  levels  than  plants.  Other  waterfowl  such  as 
blue-winged  teal  were  considered  because  they  consume  a  diet  of  up  to  90 
percent  Invertebrates.  However,  they  do  not  form  a  component  of  the  bald 
eagle  food  web  as  the  time  each  species  spends  at  RMA  does  not  overlap  to 
any  extent.  The  mallard  exposure  may  be  reduced  due  to  their  tendency  to 
feed  on  seeds  (which  may  have  lower  BCF  values)  as  opposed  to  whole  plants. 
To  protect  all  species  of  waterfowl,  the  BCF  values  for  whole  plants  were 
used  In  the  plant  to  duck  pathway. 

BAF  for  ducklings  was  calculated  to  determine  If  criteria  acceptable  for 
adult  waterfowl  would  be  protective  of  ducklings-  Ducklings  may  be  at  a 
greater  risk  than  adult  birds  because  they  prey  predominantly  on  Insects 
during  the  first  few  weeks  of  life  (Chura.  1961)  and  they  consume  a  greater 
quantity  of  food  per  unit  body  weight  than  do  adults  (Heinz.  1975:  Heinz, 
1988).  Class  I  ducklings  (1  to  18  days  of  age)  consume  large  numbers  of 
chlronoralds  and  other  Invertebrates  (Chura,  1961). 

Dietary  percentages  for  adult  ducks  In  the  Pathway  Analysis  were  reported 
by  Swanson  el.  al-  (1979,  1985).  Actual  food  habits  vary  with  food  Item 
availability.  Pondweed,  crayfish,  and  snails  are  some  of  the  mallard  food 
Items  that  occur  In  the  RMA  lakes,  whereas  earthworms  (washed  In  by  storm 
events)  are  not  expected  to  add  to  the  contaminant  load  In  mallards-  Food 
habit  data  for  ducks  at  RMA  were  unav, a  liable . 

Organisms  used  to  represent  lower  trophic  levels  differ  between  the  Pathway 
Analysis  for  each  contaminant  due  to  differences  In  data  availability. 
Chlronoralds  were  separated  from  other  Invertebrates  for  aide In/d leldrlti 
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because  data  Indicated  higher  BCFs;  similar  data  were  not  available  for 
DBCP;  thereforci  Invertebrates  were  addressed  as  one  group.  The  food  web 
for  each  contaminant  therefore  differs  slightly. 

Siijall_Haimaal_SQil_Insesl.iQn 

Small  mammals  Ingest  soil  during  feedlngi  grooming,  and  burrowing 
activities.  A  mean  soil  Ingestion  rate  of  0.000873  g  soll/g  bw/day  was 
estimated  from  data  reported  by  Garten  (1980)  for  hispid  cotton  rat 
(Signodon  hispidus).  white-footed  mouse  (Peromyscus  leucopus).  and  eastern 
chipmunk  (lamias  slrlaius).  and  body  weight  data  (Hoogland,  1981;  King.' 
1988;  Linder.  1988)  as  follows: 


Species 

Soil  Content  of 
_CI._Iract_igl _ 

Median  Body 
Height_Ig3_ 

Soil  Ingestion  Rate 
_ Ig_SQilZg_bHl _ 

Cotton  Rat. 

0.0A5 

160 

0.00028 

Chipmunk 

O.IA 

90 

0.0016 

White-footed 

Mouse 

0.013 

17.5 

0.0007t. 

When  soil  content  of  the  gastrointestinal  tract  (G1  tract)  was  reported  as  a 
range  (Garten.  1980).  the  median  was  used  In  calculating  ingestion  rates. 

It  Is  assumed  that  soil  content  of  the  GI  tract  represents  dally  Intake- 

The  soil  Ingestion  rate  was  compared  to  the  soil  criteria  for  each 
contaminant  to  determine  If  the  criteria  were  protective  of  both 
food  and  soli  Ingestion  exposure.  Because  the  method  used  to  estimate  soli 
criteria  does  not  Incorporate  direct  Ingestion  rates,  but  relies  Instead  on 
calculating  overall  residue  magnification,  the  soli  ingestion  rate  cannot  be 
applied  to  criteria  formulation. 

5.2.1  PATHWAY  ANALYSIS  FOR  ALDRIH/DIELDRIN 

5. 2. 1.1  BacksrQund_InIaraatiQn 

The  data  for  water  and  tissue  concentrations  used  in  this  snalysls  were  from 
previously  collected  and  documented  R.MA  samples  (Rosenlund  et  ai-,  1986). 
Where  applicable,  published  values  arc  used  for  BCF  and  BAF. 
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The  organochlorlne  pesticides  aldrin  and  dieldrin  have  been  observed  in 
soili  wateri  and  biota  on  and  near  RMA.  These  chemicals  tend  to  be  stable 
in  the  environment  and  are  known  to  accumulate  in  food  chains  (Stickeli 
1973).  Dieldrin  was  selected  for  analysis  because  of  its  known  distribution 
on  RMA  (ESEi  1987i  RIC#8820AR02 ) ,  its  toxicity  and  persistence  in  the 
environment,  and  its  high  potential  for  bioaccumuiation  (Stickel,  1973). 
Values  obtained  for  dieldrin  using  the  Pathway  Analysis  approach  were 
assumed  to  represent  aldrin  as  well  because  aldrin  is  generally  found  In  low 
concentrations,  and  because  it  converts  rapidly  to  dieldrin  in  the 
environment  and  in  jtiVQ  (Hall  et  al.,  1971;  Metcalf  el  al.,  1973).  Using 
values  for  dieldrin  to  represent  behavior  of  both  organochlor Ines  is 
consistent  with  current  EPA  methodology  (EPA,  1980a). 

loxicily-of-Dieldrin 

Dieldrin  is  toxic  to  all  forms  of  biota  in  both  aquatic  and  terrestrial 
ecosystems.  The  EPA  criterion  for  protection  of  aquatic  life  is  0-0019  ppb 
dieldrin  as  a  2^-hr  average,  not  to  exceed  2-5  ppb  at  any  time  (EPA,  19803! 
EPA,  1986d). 

Aqualic_Elanl.s — Aquatic  plants  are  more  resistant  to  the  toxic  effects  of 
dieldrin  than  animals-  The  lowest  concentration  of  dieldrin  In  water  that 
is  toxic  to  plants  was  100  ppb  for  a  period  of  10  days  (EPA,  1980a). 

Aquaiic-Invectebcates — Some  aquatic  Invertebrates  are  highly  sensitive  to 
dieldrin.  In  a  South  Carolina  river,  long  term  dieldrin  exposure  reduced 
numbers  of  organisms  by  as  much  as  100  percent  and  altered  population 
distributions  of  aquatic  invertebrates  In  relation  to  upstream  controls 
(Wallace  and  Brady,  1971).  The  groups  adversely  affected  included 
Ephemeroptera ,  Megaloptera,  Trlchoptera,  and  Plecoptera.  Hater 
concentrations  ranged  from  a  high  of  17  ppb  directly  downstream  of  the 
discharge  water  to  6  ppb  approximately  5  miles  downstream.  For  aquatic 
Invertebrates,  the  concentration  that  produced  mortality  In  50  percent  of 
the  population  (LC5g)  for  a  30-day  chronic  exposure  was  as  low  as  0-2  ppb 
(EPA,  1980a).  The  lowest  acute  value  for  Invertebrates  was  the  96-h  LC50 
for  Isopod  of  5  ppb,  whereas  the  chronic  value  for  D.  magna  In  a  life  cycle 
test  was  57  ppb  (EPA,  1980). 
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Zisb — Low  levels  of  dleldrln  are  highly  toxic  to  fish.  Dleldrln  Is  acutely 
toxic  with  a  96-hr  LC50  ranging  from  1.1  to  9-9  ppb  for  rainbow  trout 
(Salma  gairdaeri)>  the  most  sensitive  species  considered  (EPA,  1980a). 
Blueglll  (Lepomia  macrocfaitua)  are  less  sensitive  than  trout,  with  a  96-hr 
LC50  range  of  8  to  32  ppb  (EPA,  1980a).  Rainbow  trout  were  the  most 
sensitive  species  In  chronic  as  well  as  acute  tests,  with  average 
concentrations  of  0-22  ppb  producing  toxic  effects  In  an  early  life  stage 
study  (EPA,  1980a).  Sensitivity  to  dleldrln  In  aquatic  systems  does  not 
appear  to  correlate  with  trophic  level. 

Birds — The  acute  oral  toxicity  of  dleldrln  to  birds  varies.  The  LDjq  for 
sharp-tailed  grouse  (Eedioecetes  phaslanellus ) ,  bobwhlte  quail  (Colinus 
ylrginianus) ,  and  ring-necked  pheasant  (Ehasianus  colchicus)  was  6-9 
milligram  toxicant  per  kilogram  body  weight  (mg/kg  bw) ,  12  to  1^  mg/kg  bw, 
and  10  mg/kg  bw,  respectively  (HcEwen  and  Brown,  1966).  In  a  study  of  six 
avian  species,  the  acute  oral  toxicity  of  dleldrln  ranged  from  an  LDjq  of 
23.^1  mg/kg  for  chukar  (Alectoris  chukac)  to  79-0  mg/kg  for  ring-necked 
pheasant  (Tucker  and  Haegele,  1971).  Mourning  doves  (Zenaida  macEQUCa)  were 
observed  to  have  an  LDjq  of  to  ^6  mg/kg  (Dahlen  and  Haugen,  195^). 

In  birds,  diagnosing  death  by  dleldrln  poisoning  Is  best  done  by  measuring 
concentrations  In  brain  tissue,  due  to  the  mobilization  of  fat  during  later 
stages  of  poisoning  and  the  subsequent  redistribution  of  residues  to  other 
tissues  (Wlemeyer  and  Cromartle,  1981).  Studies  Indicate  that  brain  levels 
as  low  as  5  ppm  are  hazardous  to  some  bird  species,  and  that  9  ppm  Is 
diagnostic  for  dleldrln  poisoning  (Ohlendorf  el  al - ,  1981).  Other  studies 
Indicate  that  the  lower  lethal  level  In  avian  brain  tissue  Is  A.O  ppm,  with 
80  percent  of  this  level,  or  3-2  ppm,  considered  hazardous  (Wlemeyer  and 
Cromartle,  1981).  Other  evidence  Indicates  that  levels  as  low  as  1  ppm  In 
brain  have  been  observed  to  affect  cowblrds  (Moioihrus  ater)  adversely 
(Heinz  and  Johnson,  1981). 


Brain  residues  representative  of  dleldrln  poisoning  In  quail  range  from  7.^,8 
to  11.^3  ppm;  brain  residues  In  birds  that  died  during  treatment  with 
dleldrln  were  not  correlated  with  treatment  level,  sex,  or  reproductive 
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status  (Fergln  and  Schafer i  1977).  Previous  observations  by  Stickel  et  al. 
(1969)  indicate  that  treatment  level  affects  time  of  deathi  but  not  brain 
residues)  which  apparently  attain  a  lethal  threshold  regardless  of  dietary 
concentration.  These  observations  indicate  that  as  long  as  uptake  rate 
exceeds  loss  ratci  even  low  levels  of  dieldrln  exposure)  given  enough  time) 
could  eventually  result  in  lethal  brain  concentrations. 

Snow  geese  (Chan  cafirulfiscens )  found  dead  after  feeding  on  aldrin-treatcd 
seed  in  rice  fields  had  brain  levels  of  dieldrln  ranging  from  2.1  to  31  ppm. 
while  brain  levels  in  moribund  geese  ranged  from  A. 9  to  lA.O  ppm 
(Fllcklnger)  1979).  In  a  study  on  kestrelS)  69  percent  of  the  birds 
receiving  3  ppm  dieldrln  in  diet  in  conjunction  with  DDT)  had  brain  levels 
of  1  ppm  dieldrln  (Wlemeyer  ei.  al.  )  1986). 

Increasing  dieldrln  levels  In  the  diet  of  mallard  ducks  (Anas  platyrbyncbos) 
(A)  10)  and  30  ppm)  resulted  in  a  decrease  in  the  biogenic  amines  serotonin) 
norepinephrine)  and  dopamine  (Sharma  ei  al. )  1976).  Additionally)  Increases 
in  hepatic  microsomal  enzymes  and  liver  protein)  DNA)  and  RNA  were  observed. 

The  ratio  of  liver  and  brain  weight  to  body  weight  increased  with  increasing 
dietary  levels  of  dieldrln)  and  behavioral  changes  (decreased  pecking  and 
increased  avoidance  action)  were  seen  (Sharma  et  al-.  1976)-  Depletion  of 
neurotransmitters  has  been  observed  in  other  bird  species  fed  A  and  16  ppm 
(Heinz  fit  al.)  1980).  Dieldrln  has  been  observed  to  affect  whole  brain 
serotonin  when  10  mg/kg  body  weight  was  given  orally  to  hens  (Wlllhlte  and 
Sharma )  1978 )  • 

Behavioral  changes  in  birds  at  low  dieldrln  exposures  have  been  noted  in 
other  studies.  Busbee  (1977)  observed  changes  in  the  ontogeny  of  mouse 
killing  In  loggerhead  shrikes  (Lanlus  ludosicianus )  at  dietary  levels  of 
2  ppm.  At  dietary  levels  of  5  ppm  in  quail  chicks  (Colucnix  CQCturaix). 
dieldrln  suppressed  the  group  avoidance  response  to  a  moving  silhouette 
(Kreltzer  and  Heinz,  197A).  Offspring  of  pheasants  dosed  with  dieldrln  were 
more  easily  caught  by  hand  and  chose  the  deep  side  of  a  visual  cliff  more 
often  than  controls  (Dahlgren  and  Linder,  197A).  Both  behavioral  responses 
In  pheasant  chicks  could  have  potentially  negative  effects  on  survivability- 
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Environmental  factors  can  play  a  critical  role  in  determining  levels  of 
dleldrln  toxic  to  birds-  Dietary  levels  of  1  ppm  in  a  high  protein  diet  fed 
ad  libitum  resulted  In  100  percent  mortality  In  quail  when  administered 
during  a  growth  period  (DeWltt,  1956)-  The  same  amount  administered  In  a 
winter  maintenance  diet  produced  no  111  effects-  As  consumption  data  were 
not  presented  I  It  Is  not  known  whether  the  rate  of  intake  influenced  the 
mortality  rates-  Chickens  exposed  to  dleldrln  at  dietary  levels  of  10  and 
20  ppm  died  before  controls  during  periods  of  starvation  (Davison  el  al-i 
1971)-  Breeding  birds  on  long  photoperiods  were  more  susceptible  to 
dleldrln  toxicosis  than  nonbreeding  birds  (Fergln  and  Schafer,  1977)- 

Dieldrln  accumulates  In  egg  yolks,  and  while  not  affecting  hat chabl 1 1 ty ,  may 
poison  chicks  (St-  Omer,  1970)-  Dleldrln  produced  slight  but  significant 
eggshell  thinning  in  barn  owls  (lyto  alba),  but  did  not  reduce  overall 
breeding  success  (Mendenhall  et  al-,  1983)-  The  estimated  critical  level 
(lowest  concentration  at  which  effects  occur)  of  dleldrln  In  eggs  Is  greater 
than  1  ppm  (Blus,  1982)- 

Low  levels  of  dleldrln  have  been  detected  in  several  species  of  birds 
collected  In  eight  western  states  (DeWeese  el  ai-,  1986)-  Arithmetic  mean 
dleldrln  concentrations  ranged  from  <0-01  to  0-13  ppm  on  a  wet-weight  basis- 
Detections  occurred  primarily  In  migratory  Insect Ivores ;  dleldrln  did  not 
occur  In  migratory  omnivores  or  herbivores,  or  In  any  non  migratory 
species-  Dleldrln  occurred  In  only  A  percetn  of  12A  samples  collected 
(DeWeese  el  al- ,  1986)- 

t)amn!als--The  acute  oral  LD5Q  values  for  mammals  tend  to  be  higher  than  those 
for  birds-  The  LD5Q  values  for  rats,  mice,  and  rabbits  are  A3  to  6A  mg/kg, 

38  to  75  mg/kg,  and  A5  to  50  mg/kg,  respectively  (St-  Omer,  1970)-  LDjq 
values  ranged  from  9A  to  229  mg/kg  In  several  species  of  voles  (Cholnkls  el 
al-,  1981).  Chronic  exposure  to  2-5.  12-5,  or  250  ppm  dleldrln  In  diet  for 
2  years  had  no  effect  on  mortality  or  longevity  of  rats  (Treon  and 
Cleveland,  1955a).  For  voles,  30-d3y  1050  values  ranged  from  A3  to  129 
mg/kg  (Cholakls  el  al •  ,  1931). 
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Brain  concentrations  diagnostic  with  death  range  from  2.^  to  9. A  ppm  In  dogs 
(Harrison  Et  al- »  1963)  and  2.1  to  10.8  ppm  In  rats  (Hayesi  197A).  Rabbits 
from  a  dleldrln-treated  area  were  found  dead  with  8. A  to  19.1  ppm  In  brain 
(Stlckel  El  al.i  1969).  Gray  bats  (Hyotis  griasscens)  were  recovered  from 
caves  with  5.6  to  21  ppm  (wet  weight  basis)  In  brain  tissue  (Clark  et  al.t 
1983).  levels  considered  diagnostic  of  dleldrln  poisoning.  Dleldrln  has 
been  observed  to  affect  whole  brain  serotonin  when  10  mg/kg  was  Injected 
Intraper Itoneally  Into  hamsters  (Hlllhlte  and  Sharma,  1978). 

BiQaccumulatic!n_£c!l£nllal_Qf_IJieldxin 

Dleldrln  tends  to  accumulate  In  food  chains,  with  residue  levels  Increasing 
with  trophic  level  (Chadwick  and  Brocksen.  1969).  Residues  correlate  not 
only  with  feeding  habits,  but  with  age  and  fat  content  of  fish  (Frank  fit. 
al..  197A).  Under  laboratory  conditions,  bloconcentrat Ion  factors  In  a  food 
chain  consisting  of  algae,  Jlapluiia ,  and  guppies  were  1,282,  13,95A,  and 
A9,307  (dry  weight  basis),  respectively  (Relnert,  1972). 

AqualiC-EcQsystems — Aquatic  animals  can  accumulate  dleldrln  by  factors  many 
times  greater  than  Its  concentration  in  water.  The  EPA  (1980a)  gives  a 
range  of  BCFs  for  various  freshwater  fish  from  2,385  to  68,286,  and  factors 
as  high  as  100,000  are  documented  (Relnert,  1970).  Sculpins  exposed  to 
concentrations  of  dleldrln  ranging  from  0.017  to  8.60  ppb  In  water  for 
32  days  had  BCFs  approaching  10,000  (Chadwick  and  Brocksen,  1969).  The  fish 
had  not  attained  equilibrium  with  water  at  32  days.  Bloconcentrat ton 
factors  of  70,000  have  been  observed  In  bottom  feeding  fish  from  a 
contaminated  reservoir  (Schnoor,  1981).  Observed  BCFs  for  dleldrln  between 
aquatic  invertebrates  and  water  are  as  high  as  17,000  (Wallace  and  Brady, 
1971).  In  7-  to  12-day  tests,  BCFs  of  1,160  were  observed  in  freshwater 
mussels  (Lanpsilis  siliquoidea)  (EPA,  1980a).  BCFs  of  2,000  for  a  72-hr 
test  have  been  observed  In  an  estuarine  mollusk  (Eangia  cuneata)  (Pelrocelll 
er  al-.  1973). 

The  bulk  of  residue  accumulation  In  aquatic  ecosystems  Is  derived  from 
water,  with  accumulation  due  to  consumption  of  contaminated  food  making  up  a 


5-115 


C-RMA-09D/BIORI502 .2.116 
5/2/89 


small  percent  (Chadwick  and  Brocksen,  1969).  The  amount  of  dleldrin  that 
fish  accumulated  through  food  was  approximately  16  percent  In  one  study 
(Chadwick  and  Brocksani  1969). 

IfiCr£al£ial_EcQsysl£ns — In  terrestrial  ecosystems,  the  bulk  of  residue 
accumulation  Is  a  function  of  uptake  from  diet  as  opposed  to  uptake  from 
water  and  diet.  This  residue  accumulation  Is  lower  in  terrestrial 
ecosystems  than  In  aquatic  ecosystems  because  dosage  Is  not  continual  as  It 
is  In  aquatic  systems.  Earthworms  concentrate  aldrln-dieldrln  residues  from 
^  to  15  times  the  level  found  In  field  soil  (Korschgen.  1971).  Residue's  In 
earthworms  have  been  observed  under  field  conditions  to  be  eight  times 
higher  than  In  soli  (Beyer  and  Gish,  1980).  In  laboratory  studies,  swine 
and  cattle  concentrated  dleldrin  at  factors  of  0.8  to  2.7  and  1.6  to  3-0 
times  greater  than  dietary  levels,  respectively  (Kenaga,  1980). 

Simulated  terrestrial  ecosystem  studies  Indicate  that  earthworms  concentrate 
dleldrin  7.1  times  the  soil  level;  various  Insect  species  had  concentration 
factors  11-9  to  58.^  times  the  soil  level;  and  adult  snails  had 
concentration  factors  61. A  times  the  soil  level  (Glle  and  Glllett,  1979). 
Juvenile  snails  concentrate  dleldrin  3  to  A  times  more  than  adult  snails. 
Voles  (Microtus  canicaudus)  from  the  same  microcosm  had  average 
concentration  factors  of  59.5. 


ZatE_Df_Di£ldrln_in_th£_En:iii:Qcaenl 

Dleldrin  Is  stable  and  persistent  In  the  environment,  with  a  low  volatility 
(a  vapor  pressure  of  1.78  x  10"^  mm  Hg  at  20®C)  and  a  low  water  solubility 
(186  ug/1  at  25  to  29°C)  (E?A,  1980a).  Dleldrin  Is  apolar  and  lipophilic, 
attracted  to  fats,  plant  waxes,  and  organic  matter  such  as  In  sediments  or 
soils  (ERA,  1980a). 


In  soil,  dleldrin  has  a  half-life  of  5-1  years,  and  a  half-life  In 
earthworms  of  2-6  years  (Beyer  and  Gish.  1980).  Persistence  Is  apparently  a 
function  of  treatment  level.  Concentrations  potentially  hazardous  to 


earthworms  (8  ppm)  remained  In  soil  for  up  to  3  years  In  plots  treated  with 
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2-2  kilograms/hectare  (kg/ha),  and  up  to  11  years  In  plots  treated  with  9.0 
kg/ha  (Beyer  and  Glshi  1980).  Edwards  (1966)  estimated  that  5  to  25  years 
was  necessary  for  95  percent  of  an  application  to  be  removed  from  soil. 

Dleldrin  does  not  leach  readily;  the  bulk  of  depletion  Is  a  function  of 
volatilization  as  opposed  to  uptakCf  degradationi  or  runoff  (Beyer  and  Gish, 
1980).  Neither  mixing  soil  or  adding  organic  matter  appear  to  influence 
loss  of  residues  (Guenzl  ei.  al. .  1971). 

Few  soil  microbes  degrade  dleldrlnt  as  evidenced  by  experiments  Indicating 
that  only  10  of  600  soil  cultures  were  active  with  respect  to  dieldrln 
(Matsumura  and  Boushi  1967).  Microbial  attack  usually  occurs  on  the 
nonchlor Inated  rlngi  with  epoxldatlon  (such  as  aldrln  to  dieldrln)  and 
rearrangement  (such  as  intramolecular  bridge  formation  to  form  photodleldrln 
from  dieldrln)  being  the  most  common  reactions  (Matsumura,  1980). 
Photodleldrln  can  be  further  metabolized  to  two  hydrophilic  metabolites  by 
various  microorganisms.  The  major  end  products  of  microbial  metabolism  are 
ketones  (Matsumura,  1980). 

In  Insects,  a  monohydroxylated  dieldrln,  9-hydroxy-d leldr In ,  and  both  cls- 
and  trans-aldr Indlol  have  been  observed  (Matsumura,  1980).  Photodleldrln 
and  photoaldrln  are  metabolites  that  are  approximately  as  toxic  as  the 
parent  compound  to  blue-green  algae  (Batterton  el  al.,  1971).  Trans- 
aldrlndlol  and  photodleldrln  are  more  toxic  than  dieldrln  to  Insects 
(Matsumura,  1980). 

In  mammals,  dieldrln  is  metabolized  by  three  separate  mechanisms  to  2- 
ketodleldrln ,  trans-aldr Indlol ,  and  9-hydroxy-dleldrln,  respectively 
(Matsumura,  1980).  Trans-aldrlndlol  Is  less  toxic  than  the  parent  compound 
to  mammals,  and  further  metabolizes  to  aldrln  diacld. 

5. 2. 1.2  SucfacE-Hater.IngestlQa 
Mammals 

The  chronic  NOEL  for  rats  was  the  lowest  observed  health  effects  level  for 
mammals  (Table  5.2-2).  The  NOEL  for  rats  exposed  for  2  years  was  2-5  ppm  In 
diet  (0.19  mg/kg  bw/day)  (Treon  and  Cleveland,  1955a).  The  acceptable  water 
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concentration  was  derived  from  the  NOEL  for  rats  and  the  water  Intake  for 
rats; 

_ HQ£L _ -  _ Qil2_nigZkg_l»!iiZdax _  -  1.52  mg/l 

Water  Intake/kg  bw/day  0.125  1/kg  bw/day 

Applying  an  uncertainty  factor  of  5  for  Interspecific  variation,  the 
acceptable  surface  water  concentration  based  on  toxicity  to  mammals  Is  0.30 
mg/l  (300  ppb).  It  Is  assumed  that  criteria  developed  from  health  effects 
data  and  water  consumption  rates  for  small  mammals  will  be  protective  of 
large  mammals  as  well. 

Birds 

Data  were  examined  to  determine  the  most  sensitive  toxicological  endpoint 
for  avian  species.  Busbee  (1977)  observed  changes  In  the  ontogeny  of  mouse 
killing  behavior  In  loggerhead  shrikes  (Lanius  ludoxicianus)  at  dose  levels 
of  1  mg/kg  bw/day.  At  dietary  levels  of  5  ppm,  dleldrln  suppressed  quail 
chicks  (Colurnis  cotucnix)  group  avoidance  response  to  a  moving  silhouette 
(Kreltzer  and  Heinz,  197^).  Depletion  of  neurotransmitters  has  been 
observed  In  birds  fed  ^  and  16  ppm  dleldrln  (Heinz  Et  al- ,  1980).  Dleldrln 
levels  of  A  ppm  In  diet  for  75  days  of  mallard  ducks  (Anas  plaiyrhynchos) 
resulted  In  a  decrease  In  the  biogenic  amines  serotonin,  norepinephrine,  and 
dopamine,  as  well  as  other  dose  related  effects  (Sharma  et  al- >  1976). 

Ducks  in  captivity  consume  a  diet  of  100  g/kg  bw  dally  (Sax,  198<i).  Total 
Intake  correlating  with  k  ppm  In  diet  Is  estimated  to  be  O-AO  mg/kg  bw/day. 

Ducks  In  captivity  consume  200  ml/kg  bw  water  on  a  daily  basis  (Sax,  198^). 
Assuming  that  wild  populations  of  ducks  consume  an  equivalent  amount  of 
water  as  ducks  In  captivity,  an  acceptable  water  concentration  can  be 
derived  as  follows: 

_ LQAEL_qj:_I1QEL _  -  Acceptable  Surface  Water 

Water  Intake/kg  bw/day  Concentration 

The  acceptable  water  concentration  Is  estimated  as  follows: 

_ LQAEL _  -  Q^4Q_mgZkg_bHZday  -  2.0  mg/l 

Water  Intake/kg  bw/day  0-200  1/kg  bw/day 
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An  uncertainty  factor  of  50  is  applied  to  bring  the  subchronic  LOAEL  into 
the  range  of  chronic  NOELi  and  an  uncertainty  factor  of  5  Is  ipplled  for 
interspecific  variation,  resulting  in  an  acceptable  water  concentration  of 
0.0080  mg/1  (8.0  ppb). 

The  lowest  acceptable  concentration  in  surface  water  for  birds  or  mammals  is 
0-0080  ppm,  based  on  toxicity  to  waterfowl  (Table  5-2-2).  The  corresponding 
sediment  criterion,  based  on  a  K^j  of  2A,A00  and  of  0.0065,  Is  1.27  ppm. 
This  level  is  assumed  to  be  protective  of  all  wildlife  consuming  surface 
water  at  RMA- 

5. 2. 1-3  Aquatic-Life 

To  estimate  site-specific  criteria  for  aquatic  life  in  the  RMA  lakes,  data 
for  species  that  occur  at  RMA  were  examined  for  the  lowest  acute  value  or 
the  lowest  chronic  LOAEL-  The  lowest  acute  value  for  fish  or  invertebrates 
that  occur  at  RMA  was  the  96-h  LC50  for  Isopod  of  5  ppb,  whereas  the  chronic 
value  for  D-  nagna  for  a  life  cycle  test  was  57  ppb  (EPA,  1980).  Since  the 
acuta  value  for  Isopods  was  lower  than  the  chronic  value  for  the  cladoceran, 
the  acute  value  of  5  ppb,  divided  by  an  uncertainty  factor  of  10^  (see 
Section  5-1),  represents  a  "no  effects"  level  in  water  of  0-05  ppb  for 
aquatic  life  at  RMA-  If  the  chronic  value  was  used  to  estimate  the 
criterion,  the  criterion  would  exceed  the  acute  values  for  Isopods  even 
after  application  of  uncertainty  factors  to  the  chronic  value-  The 
corresponding  i idlment  criterion  is  calculated  as  follows: 

^sed  “  ^w  ^  ^oc  ^  ^oc 
where:  Kqj.  «  2A,A0O  (Kadeg  et  al- ,  1986) 
foe  -  0-0065  (EBASCO,  1938) 

^sed  “  0-05  ppb  x  2A,A00  x  0-0065 

'-sed  "  7.93  ppb  (0-0079  ppm) 

5. 2-1- A  Aquatic_Eathyay_Analysis 
lDtraducXiDn_lD_Aquatic_Ealhaay_ADalysis 

The  Pathway  Analysis  for  dleldrln  is  bas.''d  on  the  bald  eagle  sink  food 
subweb  (portion  of  the  comprehensive  ecosystem  food  web  leading  to  a  target 
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species)  and  Includes  all  major  food  chains  leading  to  the  selected  sink 
species  (Cohen I  1978).  Because  the  same  organisms/groups  appear  In  more 
than  one  food  chain  throughout  the  webt  percentage  contributions  for  each 
organism  or  compartment  have  been  estimated  based  on  existing  literature. 

The  subweb  has  been  simplified  (e.g.i  blueglll  represent  all  fish  species  at 
that  trophic  level)  because  of  the  limited  data  available. 

HEUiQds_fDE_Aquatlc_EathKax_Anal:isls 

The  food  habits  data  specific  for  the  dieldrin  Pathway  Analysis  are 
presented  in  Table  5.2-3.  Bloconcentrat Ion  factors  for  the  lower  trophic 
level  organisms  (assumed  to  be  in  equilibrium  with  their  environment)  were 
estimated  from  data  collected  on  RMA  (Rosenlund  et  al.)  1986).  Bacause 
contaminant  levels  In  biota  were  higher  In  Lower  Derby  Lake,  data  from  Lower 
Derby  Lake  were  used  to  represent  all  the  lakes.  Field  data  actually 
represent  BAFs  as  opposed  to  BCFs,  but  because  residue  contribution  from 
diet  at  the  lower  trophic  levels  Is  less  than  residue  contribution  from 
water,  BAF  and  BCF  are  therefore  considered  to  be  equivalent  for  the  lowest 
trophic  level  organisms.  Field  data  were  not  used  to  represent  BCFs  for 
fish  due  to  the  potentially  significant  contribution  dietary  residues  can 
make  to  whole  body  residues  of  the  consumer  organism.  BCFs  derived  from 
data  collected  on  RMA  (Lower  Derby  Lake)  were  used  to  represent 
bloconcentratlon  In  lower  trophic  level  organisms  because  these  data  are 
believed  to  estimate  actual  chemical  fate  at  this  site  more  realistically 
than  laboratory  derived  data. 

The  observed  concentration  of  dieldrin  in  surface  water  at  RMA  at  the  time 
of  the  Rosenlund  ai  al.  (1986)  study  was  below  the  detection  limit  of 
0.00004  ppm  (0.04  ppb)  for  dieldrin  In  water.  Sediment  concentrations  in 
Lake  Derby  ranged  from  1  to  4  ppb  near  the  shore  to  220  ppb  in  the  deeper 
areas  (Myers  el  al.  ,  1933,  RIC>‘84086R01 )  •  Based  on  a  Kq^,  of  24,400  and  a 
Fqc  of  0.0065,  water  concentrations  were  estimated  to  range  from  a  low  of 
0.0063  ppb  to  0.025  ppb  near  the  shore,  to  1.39  ppb  in  deeper  areas.  Due  to 
dilution,  water  concentrations  as  high  as  1.29  ppb  have  not  been  observed: 
therefore,  a  median  value  obtained  from  the  data  for  shallow  sediments  and 
water  (0.016  ppb),  was  used  to  represent  water  concentrations  in  Lake  Derby. 
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Table  5.2-3- 

Summary  Of  Feeding 

Habits  for 

Dleldrln  Pathways  Analysis 

Species 

Food  Items 

X  in  Diet 

Sources 

Mallard 

Snails 

14 

Swanson  el  al 

. ,  1985; 

Other 

Invertebrates^ 

29 

Swanson  el  al 

-  ,  1979 

Chlronomlds 

1 

Plants^ 

30 

Swanson  el  al 

-  ,  1979 

Swanson  el  al 

-  ,  1985 

Annelids^ 

26 

Swanson  el  al 

- ,  1979  ■ 

Bald  Eagle 

Waterfowl 

24 

Cash  el  al- , 

1985: 

Todd  el  al- , 

1982 

Fish 

66 

Cash  el  al- , 

1985 

Mammals 

10 

Cash  el  al- . 

1985 

Bluegill 

Invertebrates 

88 

Martin  el  al- 

,  1961 

Plankton,  Algae 

12 

Martln  el  al- 

,  1961 

Pike 

Flsh^ 

100 

Insklp,  1982 

1  Includes  Crustacea,  Insecta  (other  than  chlronomlds) ,  and  miscellaneous 
animal  food  Items- 

2  "Plants"  Includes  fruits  such  as  barnyard  grass  (Echinocbloa  ccusgalll) 
and  other  miscellaneous  seeds  (Swanson  el  al •  ,  1979:  Swanson  el  ai-  , 
1985).  Fruits  were  Included  with  other  vegetation  forming  the  mallards 
diet,  although  data  quantifying  dleldrln  adsorption  or  absorption  by 
aquatic  fruits  was  unavailable  in  the  literature  researched- 

3  These  food  Items  were  not  utilized  In  the  pathways  analysis- 
Annellds  are  apparently  washed  Into  aquatic  systems  (Swanson  el  al • > 

1979)  and  were  not  Included  because  areas  upgradient  of  the  RMA  lakes  are 
considered  to  be  uncontanlnated - 

4  Pika  are  opportunistic  feeders  that  will  utilize  other  food  sources,  but 
are  assumed  to  prey  completely  on  fish  for  the  sake  of  the  analysls- 

oource:  ESE,  1983- 
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Bloconcentrat Ion  factors  can  also  be  calculated  from  various  regression 
equations  and  chemical  data.  Using  the  formula. 

log  BCF  .  0-85  log  Ko„  -  0.70  (Velth  fil  al- .  1979)  (9) 

vhere:  Kq„  -  octanol-water  partition  coefficient 

Calculated  BCFs  for  fish  can  range  from  <i,853  to  9.078.  depending  on  the 
value  chosen  for  log  Kq„.  e.g..  5.16  (Garten  and  Trabalka.  1983)  or  5.A8 
(Kenaga.  1980)-  Use  of  !Cq„  to  define  BCF  does  not  take  Into  consideration 
biological  or  species  variation  unless  the  regression  Is  obtained  by  testing 
with  different  species.  Static  laboratory  tests  have  resulted  In  BCFs 
(2,385  to  68,286)  (EPA,  1980a)  exceeding  the  range  given  by  equation  1  by 
almost  an  order  of  magnitude.  Flow-through  tests  are  probably  more 
representative  of  actual  conditions  In  the  field:  for  this  reason,  data 
derived  from  flow-through  tests  were  used  to  represent  bloconcent rat  Ion  in 
fish. 

Geometric  mean  BCF  values  for  aquatic  invertebrates,  aquatic  plants,  and 
snails  using  RMA  data  for  biota  and  water  were  920,  2,200,  and  ^,600, 
respectively  (Rosenlund  et  al..  1986);  these  results  fall  below  the  low  end 
of  the  estimated  range  using  equation  (9).  If  bloconcentrat ion  by  organisms 
at  RMA  Is  better  approximated  by  using  regression  equations  than  by 
observation,  then  some  values  derived  using  the  Rosenlund  el  al.  (1986)  data 
are  too  low.  Observed  BCFs  possibly  underestimate  actual  BCFs  for  organisms 
at  specific  locations  In  the  lower  lakes,  since  the  concentration  of 
dleldrln  In  the  lake  water  Is  below  the  current  detection  limit. 

Published  values  were  used  for  bloconcent rat  Ion  factors  for  fish  because 
tissue  levels  observed  In  fish  from  RMA  are  a  function  not  only  of 
bioconcentration  but  of  blomagnlf icat  Ion.  Tissue  concentrations  In  higher 
trophic  level  organisms;  therefore,  cannot  be  related  directly  back  to  water 
concentrations.  Table  5.2-A  lists  the  BCF  values  used  In  this  study.  When 
tissue  concentrations  were  below  the  detection  limit,  a  value  of  one-half 
the  detection  limit  was  used  to  represent  tissue  concentration. 
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Table  5-2-A.  Bioconcentration  Factors  Used  in  the  Pathways 
Analysis  for  Dleldrln 


Organism/Group 

Cb 

BCF 

Geometric  Mean 

Source 

Snall^ 

0.090 

2.250 

2 

0.060 

1,500 

1,800 

2 

Chlronomld^ 

0.210 

5.200 

NA 

2 

Invertebrate^ 

0.02 

500 

2 

0.05 

1.250 

790 

.  2 

Aquatic  Plants^ 

0.0A7 

1,175 

2 

0.026 

650 

2 

0.059 

1,A75 

2 

0.083 

2.075 

2 

0.032 

800 

2 

0.018 

A50 

2 

0.127 

3.175 

2 

0.056 

l.AOO 

2 

0.052 

1,300 

1,200 

2 

Plankton^ 

0.120 

3.000 

2 

O.IAO 

3,500 

2 

0.160 

A,  000 

2 

0.060 

1.500 

2 

0.320 

8,000 

2 

0.500 

12,500 

A,  300 

2 

Blueglll 

5,800 

NA 

3 

Northern  Pike 

5,800 

NA 

3 

1  A  C„  of  O.OOOOA 

ppm  was  used 

In  order 

to  calculate  BCF. 

2  Rosenlund  fit  al-i  1966. 


3  KenagS)  1980. 
Source;  ESE,  1988. 
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Eight  food  transfer  pathways  ultlaately  terminating  with  the  bald  eagle  were 
established  for  the  dieldrln  Pathway  Analysis  as  follows: 


Soucce 

Ii:Qphlc_Lexel. 

_  1 

.2 

3 _ 

__4 

1 

H2O 

Snails 

Mallard 

Bald  Eagle 

2 

H2O 

Chlronomld 

Mallard 

Bald  Eagle 

3 

H2O 

Invertebrates 

Mallard 

Bald  Eagle 

4 

H2O 

Aquatic  Plants 

Mallard 

Bald  Eagle 

5 

H2O 

Plankton 

Blueglll 

Pike 

Bald 

Eagle 

6 

H2O 

Invertebrates 

Bluegl 11 

Pike 

Bald 

Eagle 

7 

H2O 

Chlronomlds 

Blueglll 

Pike 

Bald 

Eagle 

8 

Soil 

Terrestrial 

Plants 

Small 

Mammals 

Bald  Eagle 

The  bald  eagle  sink,  food  web  (combined  food  transfer  pathways  based  on  an 
aquatic  or  terrestrial  diet)  Is  presented  in  Figure  5-2-2. 

The  mallard  and  the  pike  (Esqx  lucius)  represent  the  sum  total  of  birds  and 
fish  fed  upon  by  the  bald  eagle-  Chlronomlds  (midges)  and  snails  were 
treated  separately  from  other  Invertebrates  because  their  accumulation  of 
dieldrln  residues  was  higher  (Table  5-2-^)-  Pathway  Eight  originates  In 
soli  and  Is  addressed  In  Section  5-2-2-6- 

The  lowest  step  In  the  food  chain  Is  assumed  to  be  in  equilibrium  with  the 
aquatic  environment,  which  gives  equation  (1): 

BCF  -  Cb/C„  ( 1  ) 

where:  Cv,  •  the  concentration  of  dieldrln  In  biota 
Cy  «  the  concentration  of  dieldrln  In  water 
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This  equation  Is  vital  to  the  rest  of  the  analysis.  The  end  result,  the 
total  BAF  for  the  bald  eagle,  can  be  ultimately  traced  back  through  water  to 
the  sediment,  because  all  dleldrln  Is  assumed  to  enter  the  wafer  compartment 
from  sediment  before  being  taken  up  by  the  biological  compartment;  l.e., 

C„  - - Csed -  (7) 

^oc  *  ^oc 

or  solving  for  Cggjj  gives  equation  (8): 

^sed  “  ^w  *  ^oc  ^  ^oc  (8) 

where:  Cggj  -  concentration  of  dleldrln  In  the  sediment 

Kqc  «  soil-water  partition  coefficient  normalized 
for  organic  carbon 

fgg  ••  fraction  of  organic  carbon 

The  method  used  in  the  aquatic  Pathway  Analysis  to  estimate  bloaccumulatlon 
factors  is  the  Thomann  (1981)  bloaccumulatlon  model  of  food  chain  transfer 
In  aquatic  ecosystems  where  each  level  Is  a  step  In  the  food  chain: 


Level 

#1 

BCFi 

■  Cb/C„ 

(1) 

Level 

#2 

BAF2 

-  BCF2  ♦  f2BCFi 

(2)  ! 

Level 

#3 

BAF3 

»  BCF3  ♦  f3BCF2  ♦  f3f2BCF2 

(3) 

Level 

BAF^ 

■  BCF^  ♦  fi,BCF3  »  f/,f3BCF2  »  fi,f3f2BCF^ 

(A) 

The  food  term  (f^)  Is  dependent  on  the  trophic  level  In  question  and  Is 
calculated  by  the  following  equation: 

fl  «  (5) 

•^2 

where:  g  «  Assimilation  efficiency,  U2_absQrbed 

ug  Ingested 

R  «  Total  dally  diet.  Intake  (g)/body  welght(g)/day 
k2  “  Depuration  or  loss  rate,  day"^ 

**  ■  Percent  of  Item  In  diet 
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The  assimilation  efficiency  (@)  could  not  be  obtained  for  every  animal 
addressed  in  this  analysis;  therefore.  It  was  assumed  to  be  0.9  for  all 
animals.  Spade  and  Hamellnk  (1985)  used  0.9  as  the  assimilation  efficiency 
for  PCBs  and  DDT. 

The  depuration  rate  (k2)  Includes  loss  due  to  growth,  excretion,  and 
metabolism.  Because  rate  constants  have  not  been  measured  for  each  species 
in  this  analysis,  k2  values  were  taken  from  the  literature  or  derived  by 
calculation  using  regression  equations  in  order  to  represent  all  species. 

The  following  k2  values  were  used  In  the  aquatic  Pathway  Analysis; 

k2  -  0.02/day  This  Is  based  on  a  study  of  turkeys  that  lost 

approximately  2  percent  of  labeled  dleldrln  per  day 
(Davison  and  Sell,  1979). 

k2  "  0.0075/day  Derived  from  data  from  pheasant  carcass  for 

three  dose  levels,  where  k2  ranged  from  0-0037  to 
0.013/day  (Hall  d  al..  1971). 

k2  "  0.0033/day  An  observed  value  in  fish  (Schnoor,  1981). 

The  observed  loss  rate  for  birds  (a  geometric  mean  of  two  values  of 
0-012/day)  and  fish  (0.0083/day)  was  applied  to  the  pathways  wherever  avian 
or  fish  food  terras  were  required  for  calculations.  Other  values  can  be 
derived  from  regression  equations  (Spade  and  Hamellnk,  1982)-  As  the  k2 
value  ultimately  has  a  large  Influence  on  the  BAF ,  the  most  conservative  BAF 
Is  obtained  by  use  of  smaller  k2  values.  However,  observed  values  were  used 
because  they  ware  assumed  to  represent  behavior  of  dleldrln  residues  In 
tissue  better  than  values  derived  from  regression  equatlons- 

Eathyay_Analysis 

The  aquatic  Pathway  Analysts  for  dleldrln  uses  BCF,  k2>  and  f2  values  In  the 
Level  nl  through  Level  ftk  equations  to  derive  a  BAF  for  each  food  chain- 
When  BAFs  for  each  food  chain  have  been  calculated,  they  are  summed  to  give 
a  blomagnlf Icat Ion  factor  (BMF)  for  the  food  web.  The  food  chain  SAF 
calculations  are  presented  In  the  following  sections- 
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EathHay_Qnai_H2Q— i_Snaila_=jLJlallatd_=:i_Bald_Eagle— The  BCF  for  snails  is 
calculated  using  equation  (1)  and  observed  concentrations  for  dicldrln  in 
snails  at  RMA  (Table  5.2-^); 

BCFsnalls  “  "  ^'600  (1) 

BCFs  for  snails  and  other  mollusks  (Gastropoda)  have  been  recorded  in  the 
literature  from  2,000  to  115,000  (Petrocelli  eX  al. ,  1973;  Brown,  1978). 

The  RMA  value  falls  within  this  range. 

The  food  term  (f2)  is  calculated  by  assuming  that  an  adult  mallard  weighs 
approximately  1,100  g  and  consumes  about  57. A  g  total  diet  each  day  (Miller, 
1975),  of  which  for  a  breeding  female,  16. A  percent  of  the  diet  is  snails 
(Swanson  et  al-,  1985).  The  BAF  for  a  mallard  is  calculated  by  assuming 
that  the  first  term  in  the  Level  #2  bloaccumulat ion  equation  (2)  equals 
zero,  because  the  amount  of  bloconcentrat ion  by  nonaquatic  organisms  is 
assumed  to  be  negligible: 

BAF2  -  BCF2  ♦  f2BCFi  (2) 

®^^roallard  ”  ^2®^^snail 

where:  BCF2  «  0 

f2  -  Q^2_x_I52^4_g/l^lQQ_g_by/dayl_x_14!S  -  0.55  (5) 

0.012/day 

When  the  BCF  for  snails  is  A, 600,  the  BAF  for  mallard  is  2,500. 

Available  data  did  not  indicate  Class  I  mallard  ducklings  consumed  large 
quantities  of  snails  (Chura,  1961). 

An  adult  eagle  weighs  approximately  A, 500  g  (Schafer,  1986)  and  consumes 
255  g  dally  (Swles,  1986),  of  which  2A  percent  of  the  diet  is  birds  (Cash  el 
al.,  1985;  Sherrod,  1978).  Energy  requirements  are  different  for  wild  birds 
than  birds  living  in  captivity,  so  these  dietary  quantities  are  only 
approximate  (Sherrod,  1986).  The  following  BAF  values  for  an  eagle  are 
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calculated  by  assuming  that  the  first  two  terms  In  the  Level  #3 
bloaccumulatlon  equation  (3)  equal  zero  (bloconcentratlon  by  the  eagle. 

BCF3.  and  by  the  mallard.  BCF2»  are  negligible): 

BAF3  -  BCF3  ♦  f3BCF2  ♦  £3f2BCFi  (3) 

®*^eagle  “  ^3^2®^^snall 

where:  BCF3  and  f3BCF2  0 

£3  -  Qia_x_I255_g/4j.5DQ_g_byZdayI_x_24’j  -  1.02  (5) 

0.012/day 

When  the  BCF  for  snails  Is  4.600.  BAF  for  the  eagle  Is  2.600. 

Eatbyay_lMQi_H2Q_=i_Chironomid_=i_tIallard_=i_Bald_£aglB — Chlronomlds;  were 
analyzed  separately  from  other  Invertebrates  because  their  observed  tissue 
concentration  was  higher  by  nearly  a  factor  of  10.  The  BCF  for  dleldrln  in 
chlronomlds  Is  calculated  using  equation  (1)  and  observed  concentrations  of 
dleldrln  in  chlronomlds  (Table  5.2-4): 

BCFchiron  -  Cb^C„  -  13.000  (1) 

To  calculate  the  BAF  for  a  mallard,  the  food  term  (£2)  remains  the  same  as 
In  Pathway  One.  except  for  the  percent  of  food  item  In  the  diet.  The  BAF 
for  a  mallard  is  calculated  using  the  Level  #2  bloaccumulatlon  equation  (2): 

BAF2  -  BCF2  ♦  f2BCF3  (2) 

®*^mallard  “  ^2®^^chiron 

where:  BCF2  -  0 

f2  -  D^2_z_I52^4_g/lalQ0_g_bHZdayl_2;_15:.  -  0.039  (5) 

0.012/day 

When  the  ECF  for  chlronomlds  Is  13.000.  the  BAF  for  the  mallard  Is  510. 

The  R  value  for  ducklings  is  a  geometric  mean  derived  from  food  consumption 
data  for  control  ducklings  at  1  to  3  weeks  of  age.  or  0.26  g/g  bw/day  at  7 


5-130 


C-RMA-09D/BIORI502.2.131 

5/2/89 


percent  water  content  (Heinz i  1975)-  Since  natural  foods  contain 
approximately  80-5  percent  water  (Meeks.  1968),  ducklings  must  consume  1.2h 
g/g  bw/day  on  a  wet  weight  basis  to  derive  the  same  caloric  value.  The 
assimilation  efficiency  was  assumed  to  be  the  same  as  that  for  adult  birds; 
loss  rate  for  birds  was  developed  from  data  for  birds,  and  a  growth  dilution 
effect  of  0-29  (Heinz  el  al- ,  1983). 

The  BAF  for  duckling  Is  calculated  from  equations  (2)  and  (5)  as  follows: 

BAF2  -  BCF2  +  f2BCFi  (2) 

®AF(juckllng  "  ^2®*-^chlron 

where:  BCF2  «  0 

f2  -  (k2_x_I1^24_«/g_byZdayl_x_52^6H  -  1.9^  (5) 

0. 302/day 

When  the  BCF  for  chironmlds  Is  13.000,  the  BAF  for  duckling  Is  25,000. 

To  calculate  the  BAF  for  an  eagle,  the  food  term  (£3)  remains  the  same  as  In 
Pathway  One: 

BAF3  -  BCF3  ♦  f3BCF2  *  f3f2BCFi  (3) 

BAFgagle  “  ^3^2®^^chl  ron 

where:  BCF3  and  f3BCF2  •  0 

f3  -  Q^2_2:_i255_«Z4a5QQ_g_bHZdayl_x_24!5  -  1.02  (5) 

0.012/day 

When  the  BCF  for  chlronomlds  Is  13,000,  the  BAF  for  the  eagle  Is  520- 

EathKay_Ihr-s£i_H2Q_-i-Qlher_lDvecisb£ates_=i_Malland_z:i_Bald_Iagle — The  BCF 
for  dleldrln  in  aquatic  Invertebrates  other  than  snails  or  chlronomlds  Is  a 
geometric  mean  calculated  using  equation  (1)  and  observed  concentrations  of 
dleldrln  in  Invertebrates  other  than  snails  or  chlronomlds  (Table  5.2-^): 

BCFifjvgrt  “  ^b^^w  “  ^20  (1) 
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The  BCF  for  aquatic  Invertebrates  expose<’  In  a  field  situation  for  a  period 
of  6  months  was  A, 620  (EPA,  1980);  other  studies  document  values  as  high  as 
17,000  (Wallace  and  Brady,  1971)  under  similar  conditions. 

To  calculate  the  BAF  for  a  mallard,  the  food  term  (f2)  remains  the  same 
except  for  the  percent  of  food  Item  In  the  diet.  Using  equations  (2)  and 
(5); 


is 


BAF2  -  BCF2  -  f2BCFi  (2) 

®^^mallard  "  ^2®C^lnvert 

where:  BCF2  «  0 

f2  -  Q^-X_1.52^4_gZl^lQQ_g_by/dayl_x_22'5  -  1.13  (5) 

0.012/day 

When  the  BCF  for  aquatic  Invertebrates  Is  920,  the  BAF  for  mallard  Is  1,000. 

The  BAF  for  duckling  Is  calculated  from  equations  (2)  and  (5)  as  follows: 

BAF2  -  BCF2  ♦  f2BCFi  (2) 

BAFjjyckllng  “  ^2®^^invert 

where:  BCF2  -  0 

f2  -  Q^2_x_I1^24_gZg_buZdayl_x_34^6’5  -  1.28  (5) 

0. 302/day 

When  the  BCF  for  aquatic  Invertebrates  Is  920,  the  BAF  for  duckling  Is  1,200. 

To  calculate  the  BAF  for  an  eagle  In  Pathway  Three,  the  food  term  ((3) 
remains  the  same.  Using  equations  (3)  and  (5): 


BAF3  -  BCF3  ♦  f3BCF2  *  f3f2BCF3  (3) 

®''^sagle  ”  ^3^2®*-'"  invert 

where:  BCF3  and  f3BCF2  -  0 

13  -  Q^2_i£_I255_gZ4^50Q_3_bHZdayl_!:_24^  -  1.02  (5) 

0.012/day 

5-132 


i'i 


•iTjefrrT,'! 


C-RMA-09D/BIORI502 .2.133 
5/2/89 


When  the  BCF  for  aquatic  Invertebrates  Is  920.  the  BAF  for  eagle  Is  1.100. 

Pathway  Four;  HoQ  -•>  Aquatlc_Blants_.-:i_Mallard-::^^— fiald-£a2lE — The  BCF  for 
plants  in  Pathway  Four  Is  based  on  Rosenlund  fit  al- 's  (1986)  data  for 
dleldrln  concentrations  in  aquatic  plants  (Table  5.2-4): 

P'"Fpiant  -  Ch/C„  -  2.200  (1) 

Algae  have  been  observed  in  other  studies  to  concentrate  dleldrin  by  factors 
of  128  to  5.558  (EPA.  1980a);  RMA  data  for  aquatic  macrophytes  fall  within 
this  range. 

To  calculate  the  BAF  for  a  mallard,  the  food  term  f2  remains  the  same  except 
for  the  percent  of  the  food  item  in  the  diet-  Plants  (including  fruits) 
form  30  to  31  percent  of  the  mallard's  diet.  Using  equations  (2)  and  (5): 

BAF2  -  BCF2  *  (2) 

BAFjgallard  “  ^2®^^plant 

where;  BCF2  «  0 

f2  "  Qi2_x_I52^4_gZlilQQ_g_by/.dayl_x_3Q’5  -  1.17  (5) 

0.012/day 

When  the  BCF  for  aquatic  plants  is  2,200.  the  BAF  for  mallard  is  2,600. 

The  BAF  for  duckling  is  calculated  from  equations  (2)  and  (5)  as  follows: 

BAF2  -  BCF2  ♦  f2BCFj^  (2) 

®A^cuckling  ”  ^2®'“^plant 

where;  BCF2  «  0 

f2  -  !}..2-X_a^2(i_sZg_liHZdayl_x_12^a?  -  0.473  (5) 

0.302/day 

When  the  BCF  for  aquatic  plants  Is  2,200.  the  BAF  for  duckling  is  1,000. 
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To  calculate  the  BAF  for  an  eagle  in  Pathway  Fouti  the  food  term  (f3) 
remains  the  same-  Using  equations  (3)  and  (5): 

BAF3  -  BCF3  *  f3BCF2  ♦  f3f2BCFi 
BAFgagle  "  ^3^2®^^plant 


where:  BCF3  and  f3BCF2  -  0 

f3  -  Q^5_xI255_g/4j.5QQ_g_hHZdayI_x_24’5 
0.012/day 


When  the  BCF  for  aquatic  plants  is  2,200i  the  BAF  for  eagle  is  2t600. 

£al.hway_EiY2i_H2Q-=i_2ianktcin_=i_Bluegill_z:i_£ike_=a_Bald_Eaglfi — Pathways 
leading  to  the  bald  eagle  via  fish  are  more  complex  because  bloconcentrat  Ion 
occurs  at  each  trophic  level,  not  just  at  the  lowest  level-  This  Introduces 
a  fourth  factor  Into  the  BAF  equation,  and  the  eagle  is  at  Level  Instead 
of  Level  ^3-  The  BCF  for  plankton,  calculated  using  equation  (1)  and  the 
observed  concentrations  of  dleldrin  In  plankton  at  RMA  (Table  5.2-‘!i), 
exceeds  the  range  of  128  to  5,558  observed  for  algae  (EPA,  1980a): 


®^^plankton  “  Cb/Cy  -  11,000  (1) 

The  BCF  for  the  blueglll  (Leponiis  mactochirus)  (5,800)  was  derived  from 
flow-through  tests  for  freshwater  fish  (Kenaga,  1980).  Larger  BCF  values 
for  fish  have  been  observed  (EPA,  1980a),  but  the  tests  were  static  (flow¬ 
through  tests  are  generally  recommended  for  chronic  exposures  (ASTM,  198A)) 
and  water  concentrations  of  dleldrin  were  not  always  maintained  at  a 
constant  level- 


If  a  blueglll  consumes  3  percent  of  its  body  weight  daily  (Chadwick  and 
Brocksen,  1969),  the  total  dally  Intake  term  (R)  would  be  0-03  regardless  of 
actual  body  weight.  Various  algal  forn-t  account  for  approximately  12 
percent  of  the  bluegills  diet  (Martin  et  ai-,  1961):  this  value  was  used  for 
the  percent  of  plankton  In  the  blueglll  diet-  The  k2  values  used  for  the 
blueglll  and  pike  food  terms  are  based  on  Schnoor's  (1981)  observation  for 
fish,  where  k2  equals  0.0083/day-  Using  equations  (2)  and  (5): 
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(2) 

(5) 

When  the  BCF  for  plankton  Is  11,000.  the  BAF  for  blueglll  Is  10,000. 

The  BCF  for  the  pike  was  also  assumed  to  be  5,800  (Kenaga,  1980),  although 
the  actual  BCF  may  differ. 

The  pike  Is  also  estimated  to  consume  3  percent  of  Its  body  weight  dally 
(Chadwick  and  Brocksen,  1969),  such  that  the  total  dally  Intake  term  (R) 
would  be  0.03  regardless  of  actual  body  weight.  It  Is  assumed  that  pikes 
feed  entirely  on  bluegllls  for  the  sake  of  this  analysis-  Using  equations 
(3)  and  (5): 

BAF3  -  BCF3  *  f3BCF2  ♦  f3f2BCF2  (3) 

®^^plke  ■  ®^^plke  *  ^3®^^blueglll  *  ^3^2®^^plankton 

where:  13  »  Q ■  9 . x  (■Q...Q3/day )_:t_lQQx  -  3-3  (5) 

0.0083/day 

When  the  BCF  for  plankton  Is  11,000,  the  BAF  for  pike  Is  39,000- 
The  eagle  food  term  (f^,)  was  based  on  a  A, 500  g  eagle  consuming  255  g  daily, 
of  which  66  percent  of  the  diet  Is  fish  (Cash  fit  al->  1985).  The  first  term 
of  the  Level  equation  equals  zero-  The  k2  of  0.02/day  for  birds  is  used 
to  calculate  the  f^.  Using  equations  (A)  and  (5): 

BAF^  -  BCFi,  ♦  f^BCF3  ♦  f<,f3BCF2  *  f^f3f2BCFi  (A) 

®AFgagie  ”  ^A^^^plke  *  ^A^3®^^blueglll  *  ^A‘ 3^2®^^plankton 

where:  ECF^  «  0 

f^  -  lL.2_x_i255_gZit^5QQ_g_bwZdayl_2:_fiii'5  -  2.8  (5) 

0.012/day 

When  the  BCF  for  plankton  Is  11,000,  the  BAF  for  eagle  Is  110,000. 


BAF2  -  BCF2  ♦  f2BCF3 

BAFbiueglll  "  B^^blueglll  *  ^2®^^plankton 


where:  f2  " 


0.39 


0.0083/day 


5-135 


osnsiai 


C-RMA-09D/BIORI502 .2.136 
5/2/89 


£alhMay-.Six.L_H2Q-:;:i^— Inaertebrates_.-A  Blueglll  -v  Pike  Bald  Eagle — The  BCF 
for  Invertebrates  is  calculated  using  equation  (1)  and  observed 
concentrations  of  dieldrin  in  invertebrates  other  than  chironomids  (Table 
5.2-t,): 


®^^invert  “  ”  ^^0  (1) 

The  BCF  for  the  blueglll  (Lepoais  macrochicus)  is  the  same  as  Pathway  Five 
(5»800).  The  food  term  differs  from  Pathway  Five  only  in  the  percent  of  the 
food  item  in  the  blueglll  diet.  A  blueglll  diet  consists  of  88  percent 
total  Invertebrates;  half  of  these  are  designated  as  general  invertebrates 
and  the  other  half  are  designated  as  chironomids  (Pathway  Seven).  Specific 
food  habits  are  an  estimate  only;  blueglll  diets  would  vary  seasonally  with 
fluctuations  in  Invertebrate  populations.  Using  equations  (2)  and  (5): 

BAF2  -  BCF2  »  f2BCFi  (2) 

BAFfaiueglll  “  ®^^blueglll  ^2®*'^lnvert 

where:  f2  “  QA2_J£_lQj.D3Zdayl_x_i4!<  -  1.4  (5) 

0 ■ 0083/day 

When  the  BCF  for  aquatic  Invertebrates  Ij  920.  the  BAF  for  blueglll  is 
7,100. 

The  BCF  for  the  pike  was  also  assumed  to  be  5,800  (Kenaga,  1980),  although 
the  actual  BCF  may  differ-  The  food  term  (f3)  for  the  pike  remains  the  same 
as  Pathway  Five.  Using  equations  (3)  and  (5): 

BAF3  -  BCF3  *  f3BCF2  «  f3f2BCFi  (3) 

SAFpike  ”  BCFpt;^e  ^  f3SCF{jiuegm  ♦  f 3^ 2'^CFinvert 

where:  13  -  Q^3_X_IQ^Q3Zdayl_3:_10Qi-  -  3-3  (5) 

0. 0083/day 

When  the  BCF  for  aquatic  invertebrates  Is  920,  the  BAF  for  pike  Is  29,000. 
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The  food  tern  (f^)  for  the  eagle  also  remains  the  same  as  Pathway  Five. 

Using  equations  (^)  and  (5): 

BAF^i  -  BCFi,  *  fi,BCF3  ♦  f^f3BCF2  ♦  f4f3f2BCFi  (^) 

BAFgagig  “  ^A®^^plke  ^A^3®^^blueglll  *  ^A^3^2®^^lnvert 

where:  f^  -  Q.9  x  (255  g//i  t5QQ_g -bwZdayl_x_66X  -  2.8  (5) 

0.012 /day 

When  the  BCF  for  aquatic  Invertebrates  Is  920.  the  BAF  for  eagle  Is  82,000. 

Eal.hHay_Seveiij_H2Q_=i_Cbi£QnQmida_=i_Bluegill_=i_£i!s2_iOt_Bald_Eagls — The  BCF 
for  chlronomlds  Is  a  geometric  mean  calculated  using  equation  (1)  and 
observed  concentrations  of  dieldrln  In  chlronomlds  (Table  5.2-^): 

BCFchlron  -  Cfe/C^  -  13,000  (1) 

The  BCF  for  the  blueglll  (Lepoois  macrochicus)  Is  the  same  as  the  previous 
two  pathways  (5,800).  The  food  term  Is  the  same  as  Pathway  Six,  as 
chlronomlds  are  assumed  to  make  up  the  same  percentage  as  other 
Invertebrates  (^4  percent)  of  the  blueglll  diet.  This  Is  a  conservative 
assumption  because  food  habits  are  an  estimate  only:  actual  diet  and 
therefore  residue  accumulation  would  vary  seasonally  with  fluctuations  In 
Invertebrate  populations.  Using  equations  (2)  and  (5): 

BAF2  -  BCF2  *  f2BCFi  (2) 

®^Fblueglll  “  ®^^blueglll  *  ^2®^F(.hiron 

where:  f2  -  Qi2_x_iQj.Q3Zday3_z_4k’l  -  1-^  (5) 

0.0083/day 

When  the  BCF  for  chlronomlds  Is  13,000,  the  BAF  for  blueglll  Is  2^1,000. 

The  BCF  for  the  pike  was  also  assumed  to  be  5.800  (Kenaga,  1980).  although 
the  actual  BCF  may  differ.  The  food  term  (f3)  for  the  pike  remains  the  same 
as  Pathways  Five  and  Six.  Using  equations  (3)  and  (5); 
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BAF3  -  BCF3  ♦  f3BCF2  ♦  f3f2BCFi  (3) 

®**^plke  “  ®^^plk.e  *  ^S^^-^blueglll  *  ^3^2®^^chlron 

where:  £3  -  Q^2_x_IQ^Q3Zdasl_j£_lCQ3  -  3-3  (5) 

0.0083/day 

When  the  BCF  for  chlronomlds  Is  13>000.  the  BAF  for  pike  is  85,000. 

The  eagle  food  term  (f^)  also  remains  the  same  as  Pathways  Five  and  Six- 
Using  equations  (A)  and  (5): 

BAF4  .  BCF^  ♦  fi,BCF3  ♦  f^f3BCF2  ♦  fiif3f2BCFi  (A) 

BAFgagie  "  ^A^^^plke  ^A^3^*"^bluegill  *  ^ A^3^2®^^chlron 

where;  f/,  -  Q^2_x_1.255_g/4j.5DQ_gZdayl_x_6&5  -  2-8  (5) 

0.012/day 

When  the  BCF  for  chlronomlds  Is  13,000,  the  BAF  for  eagle  Is  2AO,000. 

Besulls.and.Ciscusslaii 

Blomagnif Icatlon  is  the  result  of  bloconcentrat Ion  and  bloaccumulat Ion  by 
which  tissue  concentrations  of  chemicals  Increase  as  the  chemical  Is 
transferred  up  food  chains  (Rand  and  Petrocelll,  1985).  The  term  Implies 
systematic  transfer  between  trophic  levels  and  can  be  used  to  predict 
interrelationships  between  the  abiotic  environment  and  selected  target 
species . 

BAF  values  as  derived  for  the  Individual  pathways  (Table  5-2-5)  represent 
accumulation  In  separate  single  food  chains-  To  derive  overall  accumulation 
In  the  entire  food  web,  variations  of  the  following  equation  are  used: 

BMFi  -  BCF^  fiBAF^.i 

The  BAFs  cannot  be  directly  summed,  because  BCF  for  the  higher  trophic  level 
organisms  would  be  factored  in  with  every  pathway-  Total  magnification  of 
residues  for  each  of  the  key  organisms  In  the  aquatic  Pathway  Analysis  Is 
presented  In  Table  5-2-6- 
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Table  5.2-5.  Summary  of  Bloaccumulatlon  or  Biomsgnif icatlon  Factors 
for  Each  Species  In  the  Pathways  Analysis  for  Dieldrin 


Bluegill 

Pike 

Duck 

Duckling 

Mammal#  Eagli 

Pathway  1 

— 

— 

2,500 

— 

— 

2,600 

Pa.hway  2 

— 

— 

510 

25,000 

— 

520 

Pathway  3 

— 

“ 

1,000 

1.200 

— 

1,100 

Pathway  ^ 

— 

— 

2,600 

1,000 

— 

2 ,600 

Pathway  5 

10,000 

39,000 

— 

— 

— 

110,000 

Pathway  6 

7,100 

29,000 

— 

— 

— 

82,000 

Pathway  7 

2^1,000 

85,000 

— 

— 

— 

240,000 

Pathway  8 

4.3 

2.0 

*  See  Section  5. 2. 2. 5 
Source:  ESE,  1980. 
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Table  5-2-6.  Total  Blomagnlf Icatlon  of  Dleldrln  Residues  for  Each  of  the 
Key  Organisms  in  the  Aquatic  Pathways  Analysis. 


Organism 

Mallard 

Level 

*2 

Equaiion 

Z  f2BCFi 

_BME _ 

6,600 

Duckling 

#2 

Z  f2BCFi 

27,000 

Blueglll 

#2 

BCF2  ♦  rf2BCFi 

30,000 

Pike 

BCF3  ♦  f3(BMFbiueglll) 

100,000 

Eagle 

#3,  #A 

f ( BMFpj^j^g)  ♦  f 3(BMFjy(.i^) 

♦  BMFtgj.j.g5f  j. 

290,000 

*  See  Section 

5. 2. 2. 5. 

Source:  ESE, 

1988. 
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Total  BMF  can  be  used  to  determine  maximum  allowable  levels  of  dleldrin  in 
sediments  by  relating  sediment  concentration  to  the  Maximum  Acceptable 
Tissue  Concentration  (MATC)  as  follows  (Tucker i  1986): 


and  I 


MATC _  -  C„ 

Total  BMF 


^sed  “  ^w  * 


oc 


(6) 


(8) 


The  MATC  is  based  on  the  lowest  observed  effect  level  obtained  from  the 
scientific  literature  for  a  species  similar  to  the  target  organism,  and 
assumes  that  criteria  derived  for  the  protection  of  the  target  organism 
(bald  eagle)  will  protect  other  species  as  well.  No  safety  factors  have 
been  used  in  the  calculation  of  MATCs-  The  MATC  for  the  bald  eagle  obtained 
by  examining  the  literature  for  the  lowest  tissue  concentration  correlating 
with  toxic  effects: 


SEECIIS 

QBGAN 

EEM__ 

I:E££CI 

BZEEBZNCE 

Mallard 

brain 

0.125 

Decrease  NE,  DOPA, 
serotonin 

Sharma  et  al. > 

1976 

Bald  Eagle 

brain 

3.6 

Decreased  body  fat. 
Death 

Prouty  El  al- , 

1977 

Bald  Eagle 

brain 

5.0 

Death 

Barbehenn  and 
Relchel,  1981 

Grouse 

assorted 

0.6 

Decreased  activity 

McEwen  and  Brown,  1966 

Cowblrd 

brain 

1.0 

Adverse  effects 

Heinz  and  Johnsen, 

1981 

The  lowest  tissue  concentration  at  which  toxic  effects  have  been  observed  Is 
divided  by  the  largest  BMF  (the  BMF  for  eagle)  from  Table  5.2-6,  then 
corrected  with  and  fg^.  to  give  the  sediment  concentration  at  which  "no 
effects"  are  likely  to  occur.  The  lowest  observed  level  at  which  adverse 
effects  occurred  was  0.125  ppra  in  mallard  brain  tissue.  On  a  lipid  weight 
basis,  brain  levels  of  dleldrin  tend  to  be  5.1  times  lower  than  carcass 
levels  (Barbehenn  and  Relchel,  1931);  most  data  for  birds:  however,  are 
presented  as  carcass  residue  on  a  lipid  weight  basis  compared  to  brain 
residue  on  a  wet  weight  basis  (Barbehenn  and  Relchel,  1981;  Wlemeyer  and 
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Cromartle,  1981) t  resulting  in  a  carcass  to  brain  ratio  close  to  80-  Since 
the  Sharma  el  al-  (1976)  data  for  brain  were  expressed  on  a  wet  weight 
baslsi  a  carcass  to  brain  ratio  of  80  was  used  to  obtain  the  MATC  of  10  ppm 
for  carcass.  Although  the  MATC  was  developed  using  data  from  mallard 
brainsi  it  represents  the  most  conservative  estimate  of  sublethal  effects 
levels  in  avian  speciesi  and  is  therefore  used  to  represent  sublethal 
effects  levels  in  both  mallard  and  bald  eagle- 

Using  equations  (6)  and  (8): 

_ MAIC _ -  C„  - 

Total  BMF 

^sed  “  ^w  *  ^oc  ^  ^oc 
■  0-0055  ppm 

The  water  and  sediment  concentrations  derived  from  the  bald  eagle  Pathway 
Analysis  are  protective  of  other  wildlife  populations  as  well-  For 
instance,  fish  die  with  brain  concentrations  of  dleldrin  of  10-31  ppm,  and 
blood  concentrations  of  5-65  ppm  (EPA.  1980a):  sublethal  effects  data  were 
unavailable-  If  an  uncertainty  factor  of  10^  is  applied,  a  "no  effects" 
brain  concentration  for  fish  of  0-103  ppm  is  estimated.  As  this  is  In  the 
range  of  the  avian  LOAEL  for  brain  (0-125  ppm),  and  total  BMF  for  fish  Is 
about  half  that  for  eagles,  it  is  as.sumed  that  "no  effects"  water 
concentrations  for  bloaccumulat Ion  in  eagles  will  be  protective  of  toxicity 
due  to  residue  concentration  in  fish  as  well- 

Waterfowl  as  well  as  fish  are  protected  from  residue  accumulation  in  food 
chains  by  acceptable  levels  estimated  with  the  bald  eagle  Pathway  Analysis- 
Mallard  adults  and  ducklings  have  lower  total  BMFs  than  eagle  (Table  5-2-6). 
while  the  MATC  would  remain  the  same-  Therefore,  acceptable  water  and 
sediment  concentrations  would  be  higher  for  waterfowl  than  for  eagle- 

The  water  and  sediment  criteria  (0.03A  ppb  and  0-0055  ppm,  respectively) 
derived  from  the  MATC  for  birds  (10  ppm)  and  the  BMF  for  eagle  (290,000) 
represent  criteria  for  food  web  transfer  of  residues  for  all  wildlife 
popular  ions • 


lfi_pp!a_  -  3- A  X  10“^  ppm  (6) 

290,000 

-  3-A  X  10-5  ppn,  X  2^,A00  X  0-0065  (8) 
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Protecting  high  trophic  level  species  will  satisfy  "no  effects"  levels  In 
water  for  surface  water  consuuiptlon  by  wildlife  species  (8  ppb).  or  exposure 
by  aquatic  life  (0-05  ppb).  Therefore,  cleanup  levels  In  water  and 
sediments  should  be  based  on  criteria  derived  from  the  bald  eagle  Pathway 
Analysis.  The  EPA  chronic  criteria  for  the  protection  of  aquatic  organisms 
and  their  uses  (0.0019  ppb)  are  based  on  a  Final  Residue  Value  with  human 
guidelines  as  the  MATC ,  and  are  therefore  not  considered  applicable  to  this 
analysis . 

5. 2. 1-5  lerrestrial-EathHay.Analysis 
IntrQductiQn_tQ_lerraatrial_Eathyay_Analysis 

This  analysis  was  performed  to  determine  cleanup  criteria  for  aldrln  and 
dleldrln  In  a  terrestrial  based  food  web  (soil-biota)  pathway.  There  are  no 
aquatic  components  In  this  food  web  as  compared  to  the  previous  food  web 
where  most  of  the  food  chains  were  aquatic  based.  The  method  is  based  on 
estimates  of  exposure  by  various  organisms  to  contaminants  In  the  physical 
environment  and  the  potential  for  bloaccumulat Ion  (concentration  from  diet 
and  water)  and  bloraagnlf Icat ion  (systematic  Increase  In  tissue 
concentrations  of  chemicals  as  they  pass  to  higher  trophic  levels)  exhibited 
by  aldrln  and  dleldrln. 

The  approach  used  for  the  terrestrial  pathway  analysis  arrives  at  a  "no 
effects"  level  In  soil  of  terrestrial  ecosystems  on  RMA  by  assuming  that: 

(1)  soils  are  a  source  of  aldrln  and  dleldrln  contamination.  (2)  aldrln  and 
dleldrln  enter  the  food  web  from  soils,  and  (3)  aldrln  and  dleldrln  become 
concentrated  In  higher  trophic  levels  by  the  mechanisms  of  bloaccumulat Ion 
and  biomagnification. 

Data  used  to  estimate  BMF  values  for  biota  In  a  terrestrial  ecosystem  were 
obtained  from  either  RMA  data  or  available  literature  on  aldrln  and 
aleldrln.  In  some  cases,  data  used  In  the  pathway  analysts  were  from 
studies  where  chemical  analysis  did  not  distinguish  between  aldrln  or 
dleldrln,  or  exposure  was  Initially  to  aldrln  but  residues  were  expressed  as 
either  chemical.  In  these  Instances,  residues  were  assumed  to  be  dleldrln. 
Model  ecosystem  studies  Indicate  that  the  behavior  of  the  two  chemicals  Is 
very  similar  (Metcalf  ei  al.  ,  1973). 
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The  behavior  and  fate  of  dleldrln  In  a  terrestrial  ecosystem  was  used  to 
represent  both  aldrin  and  dieldrin  because  dieldrin  has  a  widespread 
distribution  on  RMA  and  is  persistent  in  the  environment.  Aldrin  was  not 
selected  for  pathway  analysis  because  it  converts  rapidly  to  dieldrin  in  the 
environment  and  in  iiiVQ  (Hall  el  al- .  1971;  Metcalf  at  al-.  1973). 

Mfit.hC!ds_£QE_lerresJ.Eial_Eathyay_Analysis==Bald_Eagl£_ZQQd_Heb 
The  single  food  chain  (Pathway  Eight)  of  the  bald  eagle  food  web  originating 
in  soil  is  evaluated  differently  than  food  pathways  originating  in  an 
aquatic  environment.  Since  bloconcentrat ion  is  not  occurring  as  in  the 
aquatic  pathways,  Thomann's  (1981)  model  is  not  applied.  Instead, 
bioaccumulation  is  estimated  in  the  food  chain  by  comparing  to  to 

obtain  uptake  in  relation  to  soil,  and  by  comparing  Ct  directly  to  Cjigt 
obtain  uptake  relative  to  the  next  lower  trophic  level.  By  comparing  Cjj 
directly  to  factors  such  as  assimilation  efficiency  and  loss  rate  are 

adjusted  for  in  the  BMP.  This  was  necessary  because  data  regarding 
terrestrial  systems  are  not  as  extensive  as  those  regarding  aquatic  systems. 

Ea.ULHay. j:,.l£h.lLi--SojLL_r^X-IjeEX£S_trlal  PlanEs._-:^._.SmalX-Mamiiials  -■>  Bald  Eagle- - 
Terrestrial  plants  accumulate  dieldrin  residues  from  soil  by  factors  of 
approximately  0.5  (Davidson,  1986).  Data  used  to  derive  the  BAF  values  for 
the  terrestrial  pathway  are  presented  in  Table  5.2-7. 

In  a  study  by  Garten  and  Trabalka  (1983)  small  mammals  were  observed  to 
accumulate  dieldrin  residues  from  their  diet  by  factors  of  ^.3  (tissue 
analyzed  was  not  specified,  and  variability  In  the  data  was  not  presented). 

The  fraction  of  dieldrin  Ingested  by  eagles  Is  related  to  the  amount  of 
small  mammals  In  their  diet.  The  portion  of  dieldrin  that  an  eagle  could 
obtain  from  the  terrestrial  mammal  part  of  the  food  chain  can  be  estimated 
from  data  given  for  barn  owls  (Mendenhall  ei  al. ,  1983)  and  kestrels 
(Wiemeyer  ei,  al.,  1986)  by  assuming  that  (1)  concentration  from  diet  under 
laboratory  conditions  will  resemble  concentration  under  natural  conditions, 
and  (2)  concentration  from  diet  by  eagles  will  resemble  that  of  other 
raptors . 


5-lA<. 


C-RMA-09D/BIORIVTB .527.1 
A/12/89 


Table  5.2-7.  Bioaccumulation  Factors  Used  in  the  Terrestrial  Pathway 
Component  of  the  Aquatic  Pathways  Analysis  for  Dieldrln 


Organism/Group 

BAF 

Mean  BAF 

Sources 

Terrestrial  Plant 

0.5 

NA 

Davidson.  1986 

Small  Mammal 

A. 3 

NA 

Garten  and  Trabalka,  1983 

Eagle 

(Barn  Owl) 

16.6 

15.9 

Mendenhall  et  al..  1983 

(Kestrel 

5.0 

5.1 

Wlemeyer  el  al..  1986 

Geometric  Mean 

9.1 

NA  «  Not  Available 
Source:  ESE,  1988. 
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Barn  owls  (12  males  and  7  females)  concentrated  dleldrin  from  a  0-58  ppm 
diet  by  factors  of  16-6  for  males  and  15-9  for  females  (Mendenhall  et  al-* 
1983).  Geometric  mean  tissue  concentrations  were  9.6  (i.  1.A8  SD)  and  9.2  (± 
1.32  SD)  ppmi  respectively,  for  male  and  female  barn  owls.  Data  for 
kestrels  that  died  on  a  0.28  or  0.8A  ppm  diet  (wet  weight  basis)  indicate  a 
range  of  concentration  factors  from  1.6  to  17.9  (Welmeyer  et  al- »  1986).  A 
geometric  mean  of  9.1,  derived  from  the  barn  own  and  kestrel  data,  was  used 
to  represent  concentration  from  diet  by  bald  eagle. 

The  terrestrial  part  of  the  bald  eagle  food  web  Is  as  follows: 


0.5  X  A. 3  X  9.1 

soil  ->  plants  ->  mammals  ->  eagles 

Total  magnification  In  terrestrial  ecosystems  Is  20  times  greater  than  the 
soil;  when  corrected  for  the  percent  In  the  eagles  diet  (10  percent)  the 
total  BMF  for  the  terrestrial  pathway  becomes  2-0. 


Beaults_and_DiscusaiQD 

The  terrestrial  pathway,  Pathway  Eight,  assumes  greater  significance  based 
on  observed  winter  feeding  behavior  of  eagles  at  RMA,  where  eagles 
apparently  subsist  primarily  on  small  mammals  pirated  from  other  raptors- 
Observations  Indicate  that  approximately  90  percent  of  the  eagle  diet  is 
made  up  of  small  mammals;  the  “no  effects"  level  in  soils  is  then  based  on 
90  percent  of  the  diet  represented  by  Pathway  Eight.  The  total  BMF  Is  equal  to 
90  percent  of  the  BMF  estimated  by  Pathway  Eight,  or  18-  Using  equation  (6): 


_ MAIC _ 

Total  BMF 


lQ_ppm 

18 


"  0-56  ppm 


The  soil  criterion  derived  from  Pathway  Eight  can  also  be  used  to  predict 
toxicity  to  small  mammals  exposed  to  contaminants  from  Ingesting 
contaminated  soil-  An  exposure  rate  as  a  function  of  the  acceptable  soli 
criteria  can  be  estimated  from  the  soli  criterion  and  the  soli  Ingestion 
rata  for  small  mammals  as  follows: 

Soil  Criterion  x  Soil  Ingestion  Rate  -  Dally  Exposure 


0.56  mg/kg  soil  x  0.000873  kg  soll/kg  bw/day  »  O.OOOA9  mg/kg  bw/day 
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The  exposure  rate  based  on  a  soil  criterion  of  0.56  ng/kg  soil  is  five  to 
six  orders  of  magnitude  lower  than  observed  LD5QS  for  small  mammals  1  and 
therefore  direct  toxic  effects  are  not  expected  at  the  criterion  level  of 
0.56  rog/kg  in  soil.  The  dally  intake  of  dleldrin  from  ingesting  soil 
represents  a  conservative  estimate  as  an  assimilation  efficiency  of  100 
percent  is  assumed. 

Aldrln  and  dleldrin  apparently  accumulate  to  a  significant  extent  in 
terrestrial  systems  (BMF  in  the  single  terrestrial  food  chain  to  bald  eagle 
greater  than  1-0) t  as  opposed  to  other  contaminants  such  as  arsenic  (BMF 
less  than  1.0).  BMF  values  less  than  1  indicate  that  residues  are  probably 
not  concentrating  in  terrestrial  food  chains-  Since  total  potential  residue 
accumulation  in  a  terrestrial  food  chain  leading  to  bald  eagle  was  18 
(assuming  90  percent  dietary  intake  from  terrestrial  sources)  1  a  separate 
pathway  analysis  for  kestrel  food  web  was  constructed  for  aldrln  and 
dleldrin. 

MelhQd_fQE_l£CJ:esirial_Eathiiay_Analysis==_K£Sl.rEl_ZQQd_iifib 
This  Pathway  Analysis  is  based  on  the  American  kestrel  (Ealco  sparjisrius) 
sink  food  subweb  (portion  of  the  comprehensive  ecosystem  food  web  leading  to 
a  target  species)  and  Includes  the  major  food  chains  leading  to  the  selected 
sink  species  (Cohen.  1978).  Percentage  contributions  for  each  group  of 
organisms  In  the  kestrel's  diet  have  been  estimated  based  on  existing 
literature  (Table  5.2-8).  The  subweb  has  been  simplified  for  the  purposes 
of  the  analysis  (e.g.  small  birds  Include  all  species  that  the  kestrel  is 
assumed  to  feed  on;  grasshoppers  represent  all  Insects). 

The  American  kestrel  was  selected  as  the  target  species  because:  (1)  it 
represents  a  relatively  high  trophic  level  in  the  terrestrial  food  web.  (2) 
it  is  common  at  RMA,  (3)  its  diet  Includes  species  which  are  known  to  be 
contaminated,  and  (^)  previous  studies  on  RMA  indicate  that  this  species  has 
possibly  been  affected  by  pesticide  contamination  on  RMA  (DeWeese  et  al-- 
1986).  The  "no  effects"  level  for  soil  derived  from  the  pathway  analysis  is 
based  on  sublethal  effects  levels  obtained  from  the  literature  and  assumes 
that  if  kestrels  are  not  affected,  other  species  will  be  protected. 
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Table  5-2-8-  Summary  of  Feeding  Habits  for  all  Organisms  in  the 
Terrestrial  Pathways  Analysis  for  Sleldrln 


Species 

Food  Items 

Percent 

in  Diet 

Sources 

Kestrel 

Insects 

51-8 

Sherrod,  1978 

Small  Birds 

16-4 

Sherrod,  1978 

Reptiles 

4-5 

Sherrod,  1978 

Mammals 

27-3 

Sherrod,  1978 

Mammals 

Insects 

50 

Jones  el  al-,  1985: 

Plants 

50 

Hall,  1981 

Small  Birds 

Plants 

50 

Assumed 

Insects 

25 

Earthworms 

25 

Kept  lies/ 

Insects 

100 

Assumed 

Amphibians 

Insects 

Plants 

100 

Assumed 

I 

Source:  ESE,  1988- 
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Seven  food  transfer  pathways  originating  In  soli  and  ultimately  terminating 
with  the  kestrel  were  established  as  follows: 


1. 

Soil  -> 

Plants  -> 

Insects 

->  Kestrels 

2. 

Soil  -> 

Plants  -> 

Birds  -> 

Kestrels 

3. 

Soil  -> 

Earthworms  ->  Birds  ->  Kestrels 

A. 

Soil  -> 

Plants  -> 

Insects 

->  Birds  ->  Kestrels 

5. 

Soil  -> 

Plants  -> 

Insects 

->  Reptiles  ->  Kestrels 

6. 

Soil  -> 

Plants  -> 

Insects 

->  Mammals  ->  Kestrels 

7. 

Soil  -> 

Plants  -> 

Mammals 

->  Kestrels 

The  combined  food  transfer  pathways  are  presented  In  Figure  5.2-3.  BAF 
values  (obtained  from  RMA  data  or  published  sources)  are  presented  in 
Table  5.2-9. 

The  information  required  to  perform  the  terrestrial  Pathway  Analysis 
Includes  health  effects  levels,  food  habits  for  species  at  each  trophic 
level,  and  BMF  values  for  species  at  each  trophic  level.  The  analysis  was 
performed  by  using  BMFs  for  each  trophic  level  in  a  food  chain,  and  then 
weighting  the  importance  of  each  food  chain  In  a  food  v?sb  by  utilizing  food 
habits  data.  The  end  result  Is  a  total  estimated  BMF  for  kestrel  that  can 
be  used  to  estimate  safe  soil  levels  of  dleldrln. 

£aih«ay_ilDalysis 

The  kestrel  BAF  (9.1)  Is  a  geometric  mean  value  estimated  from  data  from 
studies  on  two  raptors,  the  kestrel  and  the  barn  owl  (lyto  alba).  In  a 
study  where  kestrels  were  dosed  with  dleldrln  in  combination  with  DDT, 
kestrels  that  died  concentrated  dleldrln  approximately  1.6  to  17.9  times 
from  diet  (Wleu.*yer,  1986).  At  treatment  levels  of  0-28  ppm  (wet  weight 
basis),  geometrl"  mean  accumulation  from  diet  was  5.0:  at  0.8i)  ppm  (wet 
weight  basis)  mtcn  accumulation  from  diet  was  S-l-,  In  a  study  with  barn 
owls,  geometric  mean  carcass  residues  of  dleldrln  were  15-9  to  i&.6  times 
greater  than  dietary  levels  of  0.53  ppm  (Mendenhall  et  ai  •  ,  1983).  The  four 
means  were  avare'jed  vo  obtain  an  overall  geometric  mean  for  bloaccuraulat Ion. 
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Table  5.2-9.  Bioaccumulation  Factors  Used  in  the  Pathway 
Analysis  for  Dieldrln 


Species 

BAF/BMF 

Mean  BAF* 

Sources 

Kestrel 

5.0 

Wiemeyeri  1986 

5.1 

Wlemeyer,  1986 

16.6 

Mendenhall  el  al. ■ 

15.9 

9.0 

Mendenhall  el  al. . 

Mammals 

A. 3 

NA 

Garten  and  Trabalka,  1983 

Kept  lies 

1.1 

Korschgen,  1970 

A. A 

2.8 

Small  Birds 

8.2 

Jefferies  and  Davis.  1968 

9.0 

Robinson  el  al-.  1967 

15.2 

Davison  el  al. ,  1971 

8.9 

Garten  and  Trabalka.  1983 

10.7 

10 

Garten  and  Trabalka.  1983 

Insects 

1.83 

Thorne  el  al. .  1979 

7.86 

Thorne  el  al. .  1979 

7.71 

Thorne  el  al..  1979 

76.9 

Thorne  el  al..  1979 

25.0 

Thorne  el  al. .  1979 

A.  38 

9.9 

Thorne  el  al. >  1979 

Earthworms 

3.56 

Korschgen.  1970 

3.96 

Korschgen.  1970 

A. 16 

Korschgen,  1970 

7.  AO 

Korschgen,  1970 

3.A8 

Korschgen,  1970 

3.88 

Korschgen,  1970 

12. A 

Korschgen,  1970 

5.6A 

5.0 

Korschgen,  1970 

Plants 

0.5 

NA 

Davidson,  1986 

*  Geometric  Mean 
NA  »  Not  Available 

Source:  ESE,  1988- 
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In  a  study  by  Garten  and  Trabalka  (1983)  small  mammals  were  observed  to 
accumulate  dleldrln  residues  from  their  diet  by  factors  of  ^-3  (tissue 
analyzed  was  not  specified). 

Both  the  deer  mouse  (Eeranyscus  maniculatus)  and  the  grasshopper  mouse 
(Qnychomya  leucogaslet)  are  found  at  RMA.  Mice  were  assumed  to  subsist  on  a 
diet  of  Insects  (as  represented  by  grasshoppers)  and  plant  material-  When 
food  habits  of  the  two  species  were  examined,  their  combined  diets  were 
estimated  to  contain  approximately  50  percent  plant  material  and  50  percent 
animal  material  (Jones  ei  al-.  1985;  Hall,  1981). 

The  BAF  for  amphibians  and  for  reptiles  (2-8)  Is  a  geometric  mean  value 
based  on  field  data  collected  by  Korschgen  (1970).  The  data  Indicate  that 
toads,  (BuIq  anericanus) ,  concentrate  dleldrln  1.1  times  from  a  diet 
consisting  primarily  of  Insects  and  other  Invertebrates  (concentration  In 
toad/average  concentration  In  prey  Items),  while  garter  snakes  ( Ihamnophis 
sirtalis)  concentrate  dleldrln  times  from  a  diet  that  Includes  both 
Invertebrate  and  vertebrate  species  (Korschgen,  1970)-  Kestrels  prey  on  all 
types  of  small  reptiles  and  amphibians  Including  small  snakes,  lizards,  and 
toads:  It  was  assumed  for  the  purposes  of  the  analysis  that  small  reptiles 
and  amphibians  (prey  size  suitable  for  kestrels)  would  feed  predominantly  on 
insects . 

The  BAF  for  small  birds  (10)  Is  a  geometric  mean  value  derived  from  several 
studies-  Since  the  dietary  habits  of  this  group  vary  widely,  food  habits 
were  approximated  by  assuming  that  the  dietary  proportions  of  plants, 

Insects,  and  earthworms  were  50,  25,  and  25  percent,  respectively.  Chickens 
have  been  observed  to  accumulate  dleldrln  H  to  17.5  times  from  diet,  with  a 
geometric  mean  of  15-2  (Davison  et  al-,  1971)  and  pigeons  accumulate 
dleldrln  by  factors  of  9  (Robinson  ei  al-,  1967).  Garten  and  Trabalka 
(1983)  Indicate  that  small  birds  bioaccumulate  dleldrln  8-9  times,  while 
chickens  accumulate  by  factor  of  10-7.  Songthrushes  (lurdus  ericeioruffl) 
ware  observed  to  concentrate  dleldrln  from  a  diet  consisting  of  contaminated 
earthworms  by  factors  of  U  to  12  (Jefferies  and  Davis,  1968).  A  geometric 
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mean  was  calculated  for  each  avian  species  In  a  study  where  data  were 
sufficient;  mean  BAFs  and  single  estimate  BAFs  were  combined  to  obtain  an 
overall  geometric  mean  BAF  value  for  small  birds. 

The  BAF  for  Insects  (9.9)  is  a  mean  value  based  on  data  obtained  for 
grasshoppers  at  RMA.  Grasshoppers  form  an  average  of  A4  percent  of  the 
kestrels  diet,  and  other  Invertebrates  such  as  crickets  and  beetles  are 
utilized  as  well  (Sherrod.  1978).  The  BAF  was  calculated  by  dividing  the 
median  concentration  observed  in  grasshoppers  at  RMA  by  the  median 
concentration  observed  in  plants  at  RMA  (Thorne  fit  al • >  1979,  RIC#81286R06) . 
Grasshoppers  were  assumed  to  feed  entirely  on  plant  tissue  for  the  purposes 
of  the  analysis-  It  Is  possible  that  using  the  grasshopper  BAF  to  represent 
concentration  by  all  insects  underest laiates  the  actual  residue  magnification 
along  food  chains  containing  carnivorous  or  omnivorous  Insects-  Data 
Indicate  low  magnification  factors  for  crickets  (Korschgen,  1970).  However, 
RMA  data  were  considered  preferable  and  less  uncertain  than  data  from  other 
sources.  When  data  were  presented  for  both  annual  and  perennial  foliage, 
the  two  points  were  averaged  before  calculating  the  BAF-  Only  data  for 
which  both  plant  and  insect  residues  were  available  at  a  sampling  location 
were  used  In  calculating  the  BAF. 

The  EMF  for  earthworms  (Lumbcicus  spp-)  (5-0)  Is  a  mean  value  based  on  both 
terrestrial  microcosm  studies  and  field  data-  Earthworms  have  been  observed 
to  concentrate  residues  under  field  conditions  to  a  level  A  to  12  times 
greater  than  soils  that  contained  an  average  residue  content  of  0.25  ppm 
over  a  3  year  period  (Korschgen,  1971). 

The  EMF  for  plants  (0-5)  Is  a  general  value  Intended  to  represent  a  wide 
variety  of  plant  species,  and  Is  based  on  findings  by  Davidson  (1986). 

For  each  pathway,  the  magnification  of  residues  from  soil  to  kestrel  was 
calculated  by  multiplying  the  BMF  values  for  each  trophic  level  (Table 
5-2-10).  The  BMF  values  must  then  be  adjusted  for  the  proportion  of  the 
lower  trophic  levels  In  the  diet  of  the  higher  trophic  levels-  The  kestrel, 
for  example,  consumes  16.A  percent  small  birds,  and  the  BMF  for  the  pathways 
to  the  kestrel  through  birds  (Pathways  2,  3,  and  A)  must  be  adjusted 
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Table  5.2-10.  Blomagnif Icatlon  Factors  for  each  Food  Chain  In  the 
Pathway  Analysis  for  Dleldrln* 

Pathway  BMF 

0.5  9.9  9.1 

1.  Soil  ->  Plants  ->  Insects  ->  Kestrels  A5 

0.5  10  9.1 

2.  Soil  ->  Plants  ->  Birds  ->  Kestrels  A6 

5.0  10  9.1 

3.  Soil  ->  Earthworms  ->  Birds  ->  Kestrels  A60 

0.5  9.9  10  9.1 

A.  Soil  ->  Plants  ->  Insects  ->  Birds  ->  Kestrels  A50 

0.5  9.9  2.8  9.1 

5.  Soil  ->  Plants  ->  Insects  ->  Reptiles  ->  Kestrels  130 

0.5  9.9  A. 3  9.1 

6.  Soil  ->  Plants  ->  Insects  ->  Mammals  ->  Kestrels  190 

0.5  A. 3  9.1 

7.  Soil  ->  Plants  ->  Mammals  ->  Kestrels  20 

*  Based  on  Bloaccumulat ion  Factors  for  Each  Trophic  Level. 

Source:  ESEi  1988. 
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accordingly.  In  addition,  birds  feed  on  several  food  Items,  so  the  BMF  must 
be  adjusted  to  represent  the  Importance  of  these  Items  In  the  small  bird 
diet  (Table  5.2-11).  The  pathways  leading  to  the  kestrel  via  mammals 
(Pathways  Six  and  Seven)  must  be  adjusted  in  a  similar  manner.  Because 
reptiles/amphibians  and  Insects  were  assumed  to  have  only  one  food  source, 
Pathways  One  and  Five  need  only  be  weighted  for  kestrel  food  habits. 


£esult£_and_CiscussiQa 

The  final  value  for  the  BMF  represents  blomagnlf Icat Ion  of  dieldrin  residues 
from  soil  through  several  trophic  levels  to  the  kestrel,  and  is  much  lower 
than  the  magnification  of  residues  In  the  aquatic  food  web.  This  Is 
expected  because.  In  general,  the  processes  of  btoconcentratlon  outweigh 
accumulation  of  residues  as  a  result  of  blomagnlf Icat Ion . 

The  MATC  Is  obtained  by  examining  the  literature  for  the  lowest 
concentration  which  results  in  toxic  effects: 


SPECIES 

QSGAll 

E2M__ 

EZEECI 

BEEEBENCE 

Mallard 

brain 

0.125 

Decrease  NE,  DOPA, 

serotonin 

Sharma  ei  al- > 

1976 

Bald  Eagle 

brain 

3-6 

Decreased  body  fat. 
Death 

Prouty  et  al- , 

1977 

Bald  Eagle 

brain 

5 

Death 

Barbehenn  and 
Relchel ,  1981 

Grouse 

assorted 

0.6 

Decreased  activity 

McEwen  and  Brown,  1966 

Cowbirds 

brain 

1-0 

Adverse  effects 

Heinz  and  Johnsen,  1981 

The  lowest  tissue  concentration  at  which  toxic  effects  have  been  observed  Is 
divided  by  the  total  adjusted  BMF  from  Table  5-2-11  to  arrive  at  a  "no 
effects"  soil  level.  The  lowest  observed  level  at  which  adverse  effects 
occurred  was  0-125  ppm  Tn  mallard  brain  tissue-  On  a  lipid  weight  basis, 
brain  levels  tend  to  be  5-1  times  less  than  carcass  levels  (Barbehenn  and 
Relchel,  1981):  most  data  for  birds:  however.  Is  presented  as  carcass 
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Table  5.2-11.  Blomagnlf Icatlon  Factors  for  Each  Pathway  Following 

Adjustment  for  Dietary  ProportionSi  Dieldrln  Pathways 
Analysis 


Pathway 

BHF 

Prn 

iDortion  of  Pathwax  in  Diet 

Adjusted  BHF 

Percent  . 
Bird 

Percent 

Mammal 

Percent 

Kestrel 

1 

45 

— 

— 

51.8 

23.0 

2 

A6 

50 

— 

16.4 

3.8 

3 

460 

25 

— 

16.4 

19.0 

4 

450 

25 

— 

16.4 

18.0 

5 

130 

— 

— 

4.5 

5.9 

6 

190 

— 

50 

27.3 

26.0 

7 

20 

— 

50 

27.3 

_2^2 

Total 

98.0 

Source:  ESEi  1983. 
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residue  on  a  lipid  weight  basis  compared  to  brain  residue  on  a  wet  weight 
basis  (Barbehenn  and  Relchel,  1981;  Wlemeyer  and  Cromartlei  1981),  resulting 
in  a  carcass  to  brain  ratio  close  to  80.  Since  the  Sharma  at  al-  (1976) 
data  for  brain  was  expressed  on  a  wet  weight  basis,  a  carcass  to  brain  ratio 
of  80  is  used  to  obtain  a  maximum  permissible  tissue  concentration  or  "no 
effects”  level  of  10  ppm  for  carcass. 

The  MATC  for  carcass  was  divided  by  the  total  BMP  to  obtain  a  probable  "no 
effects"  soil  concentration  as  follows; 

_ MAIC _  -  lQ_ppm  »  0.10  ppm 

Total  BMF  98 

At  0.10  ppm  in  soil,  after  allowing  for  concentration  up  the  terrestrial 
food  web,  it  is  likely  that  no  significant  adverse  effects  on  the  target 
species  will  be  observed.  This  "no  effects"  soil  concentration  is  slightly 
lower  than  that  derived  from  the  single  terrestrial  food  chain  in  the  bald 
eagle  pathway  analysis  (0.56  ppm).  The  kestrel  food  web  thus  represents  the 
more  conservative  soil  concentration,  and  should  be  used  to  represent  "no 
effect"  soil  concentrations  for  protection  of  terrestrial  species. 

Because  the  soil  criterion  derived  from  the  kestrel  pathway  analysis  Is 
lower  than  that  derived  for  the  single  food  chain  In  the  bald  eagle  Pathway 
Analysis,  which  was  protective  of  small  mammals  Ingesting  soil,  the  soli 
criterion  from  the  kestrel  pathway  analysis  is  also  protective  of  small 
mammals  ingesting  soli. 

Although  no  safety  factors  have  been  considered  in  the  analysis,  It  Is 
likely  that  this  soil  concentration  will  protect  all  avian  predators 
subsisting  on  terrestrial  organisms  because  of  the  broad,  general  nature  of 
the  analysis,  l.e.  mean  values  have  been  used  to  represent  accumulation  by 
whole  trophic  levels,  and  seasonal  migratory  patterns  that  remove  organisms 
from  RMA  have  not  been  addressed,  thereby  assuming  a  worst  case  scenario. 

5. 2. 1.6  UnceEtainty_ADalysis 

In  the  uncertainty  analysis,  all  of  the  Intake  rates  (R  values)  and  percent 
of  Items  In  diet  are  treated  as  triangular  distributions  where  the  minima 
and  maxima  are  known  and  a  best  estimate  within  that  range  has  been 
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determined.  Using  the  triangular  distribution  as  input,  the  best  estimate 
will  be  nrare  likely  than  values  near  either  end  of  the  range.  Methodology 
for  the  uncertainty  analysis  Is  described  In  detail  in  the  forthcoming 
Offpost  Endangerment  Assessment.  Diets  of  each  link  on  the  sink  food  web 
are  summarized  in  Table  5.2-12. 

Several  assumptions  were  made  In  order  to  conduct  the  analysis: 

o  The  diet  of  the  target  organism,  the  bald  eagle,  is  supplied  only 
by  the  aquatic  food  chain,  with  ducks  and  pike  the  representative 
prey  organisms;  and 

o  Absorption,  or  assimilation,  of  Ingested  dleldrln  Is  assumed  to  be 
100  percent. 

Based  on  the  available  data,  different  uncertainty  distributions  were 
developed  for  depuration  rate  In  birds  and  fish.  Cummings  el  al.,  (1967) 
and  Davison  and  Sell  (1978)  have  observed  dleldrln  loss  In  hens  and  turkeys, 
respectively.  Based  on  data  reported  by  Cummings  el  al. ,  (1967),  an 
estimated  loss  rate  of  dleldrln  in  laying  hens  Is  0.0125  day"^  based  on 
fatty  tissue,  and  0.0063  day"^  based  on  breast  muscle.  The  data  for  fatty 
tissue  and  muscle  were  combined  to  get  an  estimate  of  loss  rate  for  whole 
bird  of  0.009  *  0.002  day"^ .  Davison  and  Sell  (1978)  report  data  from  two 
experiments  from  which  whole  bird  loss  rates  can  be  calculated  of  0.027  ± 
0.009  and  0.008  »  0.006.  The  three  results  for  whole  body  loss  rate  were 
equally  weighted  as  each  represents  a  separate  experimental  estimate  of 
whole  body  loss-  Because  of  the  relatively  large  uncertainty  and  the  fact 
that  depuration  cannot  be  negative,  the  uncertainty  In  this  parameter  was 
estimated  by  a  log-normal  distribution  with  a  mean  of  O.OH  and  a  standard 
deviation  of  0.005. 

Depuration  In  fish  appears  to  be  considerably  uncertain.  The  field-observed 
value  of  Schnoor  (1931),  which  appears  to  have  been  corroborated 
experimentally  by  Sudershan  and  Khan  (1930),  was  weighted  more  heavily  than 
the  value  estimated  using  the  Spade  and  Hamellnk  (1982)  regression  equation 
that  correlates  log  k2  with  log  k^y.  This  equation  has  a  standard  error  li\ 
prediction  of  logj^O  k2  of  0.19  log  units,  assuming  k^y  Is  known  precisely. 
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Table  5-2-12.  Dietary  Input  Factors.  Dleldrln  Pathways  Analysis, 
R  »  Total  Dietary  Intake  (day)”^ 


■Bfisl. 


Minimum 

Est Imate 

Maximum 

Eagle 

0.51 

0.57 

0.76 

Mallard 

0./.5 

0.52 

0.93 

Pike 

0.01 

0.03 

0.05 

Blueglll 

0.01 

0.03 

0.05 

Percent  of  Item  In  Diet 

Eagle/Mallard 

1/. 

28 

A2 

Eagle/Plke 

58 

72 

86 

Mallard /Invertebrates 

AO 

58 

75 

Mallard/Aquat Ic  Plants 

25 

A2 

60 

Blueglll /Plankton 

6 

12 

18 

Blueglll /Invertebrates 

82 

88 

9A 

Source:  ESE,  1988- 
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Uncertainty  In  k2  for  fish  Is  represented  by  a  lognormal  distribution  with  a 
mean  of  0-017  day”^  and  a  standard  deviation  equivalent  to  the  mean  value. 

Fish  BCF  values  were  estimated  based  on  regression  equations  from  Lyman  et 
al-  (1982)  and  Davies  and  Dobbs  (198A);  data  were  composited  to  yield  a  best 
estimate  of  2,050-  This  value  was  treated  as  a  single  data  point  along 


with  four 

measured 

.  values: 

o 

12,590 

(Davies  and  Dobbs,  198A) 

o 

13,000 

(Waller  and  Lee,  1979) 

o 

5,800 

(Kenaga,  1980) 

o 

4,A20 

(Kenaga,  1980) 

These  data  Indicate  that  uncertainty  In  BCF  for  fish  Is  best  represented  by 
a  log  normal  distribution  with  a  mean  of  6,500  and  a  standard  deviation  of 
2,300. 

For  the  purpo.ses  of  the  uncertainty  analysis,  BCF  data  for  snails, 
chironomlds,  and  other  Invertebrates  were  combined.  Based  on  data  presented 
In  Table  5.2-A,  uncertainty  distribution  for  the  BCF  of  invertebrates, 
aquatic  plants,  and  plankton  were  defined  as  lognormal  with  mean  ♦  standard 
deviation  of  1.900  *  1,300:  2,^00  ±  900;  and  11,200  ♦  3,500,  respectively. 

To  develop  an  uncertainty  distribution  for  Kqc ’  measured  values  by  Saha  et 
al-  (1971)  and  Stiggs  (1981)  were  weighted  more  strongly  than  estimated 
values.  The  reported  values  appear  to  follow  a  normal  distribution  as 
opposed  to  lognormal.  The  mean  of  these  values,  plus  a  composite  of  several 
estimates  (treated  as  though  the  composite  was  a  single  data  point),  was 
31,700  i  7,600. 

Organic  carbon  content  of  the  sediment  of  the  RMA  lakes  is  a  measured  value 
(EBASCO,  1938).  In  the  upper  1  foot  (ft)  of  sediment,  organic  carbon 
appears  to  follow  a  lognormal  distribution  with  a  mean  of  0-65  percent  and  a 
standard  deviation  of  0.62  percent. 
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Based  on  these  values,  the  results  of  the  uncertainty  analysis  are 
summarized  as  follows-  The  5th,  SOth,  and  95th  percentile  for  BMP  are  2.23 
X  10^,  2.58  X  10^,  and  1.00  x  10^,  respectively.  For  the  estimate  of  the 
acceptable  concentration  In  water,  the  5th,  SOth,  and  95th  percentiles  are 
0.103  ug/1,  0.039  ug/1,  and  0.006  ug/1.  For  the  criterion  level  In 
sediment,  the  5th,  SOth,  and  95th  percentiles  are  0.032,  0.0056,  and  0-006 
ppm-  The  50th  percentile  represents  the  best  estimate,  with  the  5th  and 
95th  percentiles  representing  the  lower  and  upper  bounds,  respectively. 

For  the  terrestrial  food  chain  component  of  the  aquatic  Pathway  Analysis,  a 
seml-quantltatlve  uncertainty  analysis  was  performed-  The  soil  to  plant 
uptake  factor  (EMF)  was  found  to  be  good  to  a  factor  of  3-  The  plant  to 
mammal  BAF  was  more  uncertain  due  to  a  lack  of  documentation  and  problems  in 
the  data  collected  by  Garten  and  Trabalka,  and  Is  good  only  to  a  factor  of 
5-  The  mammal  to  bird  BAF  is  good  to  a  factor  of  2. 

Overall  error  in  the  terrestrial  pathway  Is  approximately  a  factor  of  8  for 
the  BMF  or  final  soil  criteria- 

5- 2. 1-7  Sum!iiary_and_CQD£lusiQns 

Blomagnlf icat ion  of  dieldrln  residues  through  a  food  web  applicable  to  RrtA 
appears  to  be  a  problem  based  on  the  Pathway  Analysis  approach.  The 
estimated  total  EMF  for  bald  eagle  was  290,000  from  the  Pathway  Analysis- 
Cleanup  levels  based  on  protection  of  a  high  trophic  level  species  (bald 
eagle)  In  water,  sediments,  and  soils  0.03A  ppb,  0-0055  ppm,  and  0-56  ppm, 
respectively.  Criterion  levels  based  on  "no  effects"  levels  for  aquatic 
life  in  water  and  sediments  were  0.05  ppb  and  0.0079  ppm,  respectively- 

The  total  BMF  for  kestrel,  adjusted  for  dietary  proportions,  is  98-  The  "no 
effects"  soil  concentration  level  calculated  for  the  kestrel  food  web  (0-10 
ppm)  Is  lower  than  that  derived  from  the  bald  eagle  food  web  (0.56  ppm),  and 
should  be  used  to  represent  a  "no  effects"  soil  concentration  for  protection 
of  terrestrial  species-  The  lowest  acceptable  surface  water  concentration 
was  8-0  ppb,  based  on  water  consumption  by  and  toxicity  to  waterfowl. 
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Site  specific  criteria  for  dleldrln  are  summarized  as  follows: 


Me  t  hod 

Hater 

(ppb) 

Sediment 

(ppm) 

Soil 

(ppm) 

Water  Ingestion 

8.0 

1.27 

NA 

Aquatic 

Pathway  Analysis 

0.03A 

0.0055 

NA 

Aquatic  Life 

0.05 

0-0079 

NA 

Terrestrial  Pathways 

Analysis — Eagle 

NA 

NA 

0.56 

— Kestrel 

NA 

NA 

0.10 

5.2.2  PATHWAY  ANALYSIS  FOR  ARSENIC 
5. 2. 2.1  BackgEQund_InfDi:matlQn 

The  data  for  water  and  tissue  concentrations  used  In  this  analysis  were  from 
published  values  for  BCF  and  BAF.  Arsenic  was  selected  for  analysis  due  to 
Its  toxicity,  widespread  distribution  on  RMA,  and  persistence  in  the 
environment . 


laxicily-Df. Arsenic 

The  freshwater  Final  Acute  Value  for  arsenlte  for  protection  of  aquatic  life 
is  360  ug/li  while  the  freshwater  Final  Chronic  Value  for  arsenlte  is  190 
ug/1  (EPA,  1986c).  For  arsenate,  Insufficient  data  exist  to  derive 
criteria,  but  the  LOAEL  fcr  acute  and  chronic  effects  are  0.85  and 
0.0^8  ppni,  respectively  (EPA,  198&c).  Water  used  for  Irrigation  purposes 
should  not  exceed  0-1  ppm  (EPA,  1981).  Background  levels  of  arsenic  In 
western  U.S.  soils  range  from  <0.10  to  97  ppm  (Shacklette  and  Boerngen, 
198^),  although  not  all  soil  arsenic  Is  In  a  bloavallable  form.  Arsenic 
levels  In  unpolluted  fresh  water  are  usually  less  than  1  ppb  (Moore  and 
Ramamoorthy,  198^). 


Aquatic„Ecasy stems 

Aquatic_21aats--Several  species  of  algae  and  a  submerged  macrophyte 
(EolaffiOgelon  sp.)  exposed  to  concentrations  of  2,320  ppb  sodium  arsenlte  had 
95  to  100  percent  mortality  within  two  weeks  (Cowell,  1965).  For  a  four  day 
exposure,  31,200  ppb  sodium  arsenlte  resulted  In  50  percent  growth 
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Inhibition  for  the  alga,  SElenastnini  capricornatum  (Richter,  1982).  Sodium 
arsenate  decreased  growth  of  various  algal  species  at  concentrations  of  ^8 
to  202,000  ppb  (EPA,  1985a). 

AquaULc-lnyerlebratas — For  exposure  to  Arsenic  (III)  the  96-h  LC50  for  Dj. 
luagna  Is  A, 3^0  ppb  (EPA,  1985a).  The  I.C50  values  for  invertebrates  range 
from  812  ppb  for  a  cladoceran  ( Simocephalus  serrulaius)  to  2A,500  ppb  for  a 
snail  (Apla^ta  hypnorum) .  Data  for  predominately  running  water  genera  were 
not  considered  appropriate.  The  chronic  value  for  magna  exposed  to 
sodium  arsenite  was  91A.1  ppb  (EPA,  1985a). 

The  I.C5Q  for  cladocerans  Eosmina  longirosiris  and  D-  magna  exposed  to  sodium 
arsenate  were  850  and  7,A00  ppb,  respectively  (EPA,  1985a).  The  LC5Q  values 
for  D-  pulex  range  from  3,600  to  A9,600  ppb  (EPA,  1985a). 

Zisii — The  96-hr  lethal  concentration  for  50  percent  of  a  population  (LC5()) 
of  rainbow  trout  (Salmo  gatrdnerl)  and  blueglll  (Lepomls  mar.rnchl rus )  is 
25.6  ppm  and  3A  ppm  sodium  arsenite,  respectively  (Gllderhus,  1966). 
Decreased  survival  and  growth  have  been  observed  in  blueglll  chronically 
exposed  to  A  ppm  sodium  arsenite  in  water,  and  behavioral  changes  have  been 
observed  In  goldfish  (Cara.^sius  aucalus)  exposed  to  0.1  ppm  arsenic  in  water 
for  A8  hr  (Gllderhus,  1966:  Weir  and  Bine,  1970).  Following  an  8-week, 
exposure  to  10,  20,  or  30  ppm  sodium  arsenite  in  the  diet,  hemoglobin  in 
treated  rainbow  trout  was  significantly  reduced  compared  to  controls 
(Oladlmejl  el  al-,  198A). 

Iei:r2slrial_£cosy5teais 

Plants — Inorganic  arsenic  is  toxic  to  plants,  affecting  photosynthesis, 
respiration,  growi..,  and  reproduction  (Wauchope,  1983).  Symptoms  Include 
wilting  and  tissue  necrosis  followed  by  death  (Woolson  el  ai- >  1971). 

Arsenic  levels  higher  than  2-1  r,;  8.2  ppm  on  a  dry  weight  basis  in  leaves 
can  result  in  Injury  to  fruit  trees  (Kabata-Pend ias  and  Pendlas,  198A). 

Phy totoxlc 1 t y  is  dependent  on  the  concentration  of  available  arsenic  in  the 
soil  (Kabata-Pendias  and  Pendlas,  198A).  Since  the  amount  of  available 
arsenic  is  only  a  fraction  of  the  total  soil  arsenic,  toxicity  estimates 
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based  on  total  soil  arsenic  indicate  artificial  resistance  to  soil  arsenic 
(e-g-.  plants  will  appear  to  tolerate  100  ppm  when  actual  exposure  is 
10  ppm) . 

Phytotoxlclty  is  a  function  of  the  chemical  form  (Woolson  et  al- i  1971),  as 
water  soluble  arsenlte  is  up  to  10  times  more  toxic  than  arsenate  (Woolson, 

1983).  Soil  parameters  such  as  soil  type,  nutrient  status,  and  pH  Influence  / 

y 

the  toxicity  of  arsenic  to  plants-  For  example,  arsenic  in  sandy  soil  is 
more  phytotoxic  at  a  given  level  than  in  clay  loams  and  silt  loams  (Woolson, 

1983).  Increases  in  soil  phosphorus  can  also  dislodge  arsenic  from 
adsorption  sites,  resulting  in  Increased  toxicity  (Woolson,  1983)- 
Bloavailabllity  of  arsenic  is  greatest  to  plants  in  soil  with  a  neutral  pH 
(Kenyon  et.  al-,  1979). 

Although  some  plants  (Jasiona  monlana)  grown  on  highly  conta.nlnated  soil 
(8,500-26,500  ppm)  have  been  observed  to  contain  as  much  as  6,640  ppm 
arsenic  (Porter  and  Peterson,  1975),  residues  usually  remain  low  as  a  result 
of  phytotoxlclty  (Woolson,  1983).  The  concentration  of  available  soil 
arsenic  that  reduced  growth  by  50  percent  for  several  species  of  crops 
ranged  between  6.2  and  48-3  ppm,  with  green  beans  the  most  sensitive  and 
cabbage  the  most  resistant.  Assuming  that  only  10  percent  of  the  total 
arsenic  is  bioavailable ,  the  concentration  of  total  soil  arsenic  that 
results  In  50  percent  growth  reduction  becomes  62  to  483  ppm  (Woolson, 

1983) . 

Imreclebrates — No  Information  on  the  toxicity  of  arsenic  to  terrestrial 
invertebrates  was  found  in  the  literature  researched. 

BirdS'-The  toxicity  of  arsenic  varies  with  che.mlcal  form.  The  safe  level  of 
organ' c  arsenic  In  diet  of  young  turkeys  ranges  from  5  to  over  3.200  ppm  for 
various  organic  arsenlcals  (Sullivan  and  Al-Tinilnil,  1972a,  1972b,  1972c). 

A  selenium-vitamin  E  deficiency  In  ducklings  resulted  from  600  ppm  sodium 
arsenllate  added  to  a  commercial  diet  for  4  weeks,  (Van  Vleet,  1982). 

Wiemeyer  et  ai.  (1930)  found  osprey  (Pandion  haiiastus)  containing  elevated 
levels  of  arsenic;  one  bird  had  a  potentially  lethal  level  of  16.7  ppm  In 
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liver.  Cowblrds  (Kololhrus  ater)  fed  a  diet  containing  225  ppm  copper 
acetoarsenlte  died;  there  was  33.5  and  42.6  ppm  (dry  weight  basis)  in  the 
liver  (Stlckeli  1980).  Those  fed  a  25  ppm  diet  had  2.68  and  2.95  ppm  in 
liver. 

Mammals — The  toxic  dose  for  wild  rabbits  of  copper  acetoarsenlte,  calcium 
arsenate,  and  lead  arsenate  is  10.5,  23-5,  and  40.4  mg/kg  bw  as  arsenic, 
respectively  (Chappelller  and  Raucourt ,  1936).  Boyce  and  Verme  (1954) 
observed  a  toxic  dose  of  923  mg  sodium  arsenlte  in  white-tailed  deer. 

The  chronic  NOEL  for  rats  fed  arsenic  as  arsenlte  and  arsenate  was  62-5  and 
125  ppm  (estimated  as  4-68  and  9.38  mg/kg  bw  (Sax,  1984),  respectively 
(Casarett  and  Doull,  1980).  Chronic  exposure  of  dogs  to  125  ppm  arsenic  as 
arsenlte  resulted  In  100  percent  lethality  (estimated  as  3-12  mg/kg  bw  (Sax, 
1984))  (Casarett  and  Doull,  1980). 

Toxic  effects  result  primarily  from  arsenlte  reacting  with  sulfhydryl  groups 
and  disrupting  cellular  enzyme  systems  (Buck,  1978b).  Tissues  with 
oxidative  functions  such  as  liver,  lung,  and  kidney  are  the  most  affected- 
Because  arsenic  Is  rapidly  excreted  via  the  kidneys  and  to  a  lesser  extent 
the  gastrointestinal  tract,  tissue  levels  don't  always  correlate  with 
symptoms  of  poisoning.  Buck  (1978b)  observed  that  liver  concentrations  of 
2  to  100  ppm  In  unspecified  species  resulted  In  acute  toxicosis  and 
mortality.  Background  levels  of  arsenic  In  tissue  are  less  than  0-5  mg/kg 
(Goede,  1985). 

Organic  arsenicals  are  not  as  toxic  to  plants  or  animals  as  Inorganic  forms- 
Organic  arsenicals,  prlmar’ly  the  pentavalent  phenylarsonlc  acids  and  their 
salts,  are  used  as  feed  additives  for  livestock  to  Improve  feed  efficiency 
(Ledet  and  Buck,  1978).  Phenylarsonlc  compounds  are  poorly  absorbed  from 
the  digestive  tract  and  rapidly  excreted  via  the  kidneys:  tissue  levels 
decrease  quickly  once  exposure  stops  (Ledet  and  Buck.  1978)-  Pigs  consuming 
1,000  ppm  arsanillc  acid  In  the  diet  had  a  maximum  concentration  of  10  ppm 
In  tissue  (kidney)  and  exhibited  signs  of  acute  toxicosis  following  27  days 
of  exposure  (Ledet  and  Buck,  1978).  In  other  mammals  (dairy  sheep  and 
goats),  90  percent  of  a  single  10  mg/kg  dose  was  excreted  within  120  h,  and 
concentration  In  tissues  and  milk  was  low  (Shariatpanahi  and  Anderson, 


5-165 


C-W1A-09D/BIOR1502 .2.166 
5I2IB9 


198A).  Arsenochollne 1  while  almost  100  percent  absorbed  from  the  digestive 
tract  I  is  70  to  80  percent  excreted  in  urine  within  3  days  (Marafante 
et  al.,  198A). 

Biaaccumulat.iQn_EQleiiiial_Qf_AESEnlc 

Arsenic  is  not  significantly  concentrated  by  aquatic  invertebrates.  Whole 
body  concentration  factors  for  various  invertebrates  ranged  from  3  to  17  for 
exposure  to  arsenic  trioxide  (trlvalent),  and  from  0  to  7  for  arsenic 
pentoxide  ( pentavalent )  (EPA,  1985a). 

Although  arsenic  is  bioconcentrated  by  animals  at  the  bottom  of  aquatic  food 
chains,  data  do  not  indicate  significant  biomagnification  (EPA,  1985a: 
Isensee  et  ai-,  1973).  The  high  depuration  rate  of  arsenic  in  fish  and  the 
low  bloconcentrat ion  factors  indicate  that  higher  predators  are  not  at 
significant  risk  (EPA,  1985a).  When  arsenic  was  analyzed  in  sediments  and 
bottom  feeding  fish,  bioaccumulat ion  factors  were  less  than  one  (Hunter 
fit  al- I  1981).  The  highest  tissue  concentrations  were  observed  in 
planktlvores  as  opposed  to  omnivores  or  piscivores. 

In  general,  arsenic  concentrations  in  soil  must  exceed  200  to  300  ppm  for 
edible  crops  to  accumulate  1  ppm  on  a  wet  weight  basis  (Woolson,  1983). 

Root  crops:  however,  tend  to  accumulate  higher  arsenic  residues.  In  a  study 
on  potatoes,  2.2  to  25-7  ppm  total  arsenic  in  soil  resulted  in  0-2  to 
2.6  ppm  In  the  skin  of  the  tubers,  although  the  inner  tissue  did  not  exceed 
0.6  ppm  in  concentration  (Steevens  ei  al.,  1972).  Due  to  high 
phytotoxlclty ,  plants  growing  in  soils  with  high  arsenic  concentrations 
usually  die  before  accumulating  concentrations  high  enough  to  poison 
herbivores.  Arsenic  poisoning  from  plants  to  animals  is  uncommon  (Kabata- 
Pendlas  and  Pendias,  198A),  although  foraging  animals  are  sometimes  poisoned 
by  consuming  plants  contaminated  with  arsenical  pesticides  (Buck,  1978). 

EaJ.e_Qf -Arsen ic_ia_the_EDViEQDaeni 

Arsenic  Is  ubiquitous  In  the  environment  (EPA,  1976).  Arsenate 
(pentavalent)  Is  the  predominant  form  In  oxygenated  water,  whereas  arsenlte 
(trlvalent)  prevails  under  anaerobic  conditions  (EPA,  1981).  Arsenlte  is 
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slowly  oxidized  to  arsenate  In  aerobic  water  at  neutral  pH  and  more  rapidly 
in  alkaline  or  acidic  solutions  (EPA,  1985a). 

Inorganic  arsenic  forms  relatively  Insoluble  complexes  In  solli  binding  to 
hydrous  oxides  on  clays  or  cations  in  the  soil  solution  (Woolson,  1983). 

Levels  for  arsenic  in  untreated  soils  In  the  United  States  range  between 
less  than  0.1  to  69  ppm  (Kabata-Pendlas  and  Pendlasi  198^;  Woolson,  1983). 

Inorganic  arsenic  resembles  phosphorus  In  chemical  behavior,  and 
Its  activity  is  Influenced  by  Iron,  aluminum,  calcium,  phosphorus,  and  humus 
In  the  soli  (Woolson  et  al. ,  1971).  Arsenic  binds  to  iron,  and  to  a  lesser 
extent  aluminum  and  calcium,  which  greatly  reduces  its  water  solubility, 
leachabil Ity ,  and  bloavallablllty  (Woolson,  1983!  Kenyon  el  al.,  1979). 

Soil  texture  also  affects  the  behavior  of  arsenic,  because  reactive  Iron  and 
aluminum  vary  with  clay  content,  increasing  as  clay  content  Increases 
(Woolson  el  al',  1971). 

In  general,  the  more  water  soluble  forms  of  arsenic  are  found  In  areas  receiving 
little  rainfall  (Woolson  el  al. ,  1971).  RMA  soil  parameters  (low  clay  content  of 
several  soil  types,  low  organic  carbon,  oxidizing  environment,  a  relatively  low 
cation  exchange  capacity  as  predicted  by  bulk  mineral  analysis  (Wullschleger  and 
Schloz,  1981))  and  local  precipitation  patterns  suggest  that  arsenic  will  be  in 
the  more  mobile  forms  In  the  RMA  environment. 

Arsenic  can  be  methylated  In  sediment  or  complex  with  organic  ligands  In 
water  to  form  organoarsenlcal  compounds  (EPA,  1981).  Two  common 
organoarsenlcals  in  water  are  the  postemergence  herbicides,  methanearsonlc 
acid  and  dlmethylarslnlc  acid  (cacodyllc  acid)  (EPA,  1985a).  While 
Insufficient  data  are  available  to  derive  water  quality  criteria  for  organic 
arsenlcals,  data  Indicate  that  aquatic  organisms  are  less  sensitive  to 
organic  arsenic  such  as  monosodium  methanearsenate  (MSMA)  (acutely  toxic  at 
1,900  ug/1)  than  to  Inorganic  arsenate  (acutely  toxic  at  850  ug/1)  (EPA, 

1935a). 

Arsenic  Is  stable  In  water  In  the  arsenate,  arsenlte,  organic,  and  arsine 
forms  (EPA,  1981).  In  sandy  soils,  arsenic  can  leach  Into  the  groundwater. 
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although  studies  on  various  soil  types  and  forms  of  arsenic  Indicate 
undetectable  leaching  below  90  centimeters  (cm)  (EPA.  1981).  There  is  a 
greater  likelihood  that  arsenic  will  enter  surface  water  as  a  result  of 
surface  runoff,  with  the  amount  entering  surface  water  dependent  on  terrain, 
vegetation,  and  precipitation  (EPA,  1981).  Of  the  arsenical  pesticides 
applied  to  soil  for  agricultural  purposes,  approximately  7  percent  migrate 
into  surface  water  annually  (EPA,  1981). 

In  aerobic  soils,  arsenic  is  found  mainly  as  arsenate  (Woolson,  1983;  EPA 
1981),  whereas  in  anaerobic,  flooded  soils  arsenic  is  reduced  to  arsenite 
(EPA,  1981).  Under  extreme  reducing  conditions,  arsine  can  be  formed  as 
well  as  organic  arsenlcals  and  arsenic  (EPA,  1981).  Arsenite  can  be 
oxidized  by  microbial  action  to  arsenate  in  well  oxidized  soils.  Increased 
mobility  or  leaching  can  occur  in  loam  or  sandy  soils,  or  under  alkaline 
conditions,  clays  tend  to  decrease  mobility  (EPA,  1981).  Significant 
quantities  of  arsenic  can  be  lost  from  soils  as  a  result  of  volatilization 
of  methylated  forms,  with  the  amount  lost  dependent  on  soil  characteristics 
and  vegetative  growth  (EPA.  1981). 

5 . 2 . 2 . 2  aurlac.g-Ka.t  er.  -Inge^t-ioB- 

In  addition  to  exposure  by  ingestion  of  contaminated  food  items,  the  key 
organisms  are  potentially  exposed  to  contaminants  by  ingestion  of  surface 
water-  The  key  organisms  for  which  a  surface  water  pathway  becomes 
Important  are  the  nonaquatlc  animals  such  as  small  mammals,  waterfowl,  and 
raptors.  Bloconcentrat Ion  as  defined  for  aquatic  organisms  Is  not 
applicable  to  nonaquatlc  organisms,  because  tissue  concentrations  are  not  a 
direct  function  of  water  concentration.  However,  uptake  of  contaminants  In 
surface  water  consumption  can  occur,  with  accumulation  rates  depending  on 
the  amount  of  water  Ingested  dally  and  the  concentration  of  contaminants  In 
the  water  supply. 

The  acute  toxic  dose  of  arsenic  for  wild  rabbits  Is  10-5,  23-5,  and 
mg/kg  bw  for  copper  acetcarsenite ,  calcium  arsenate,  and  lead  arsenate, 
respectively  (Chappellier  and  Raucourt,  1936)  (Table  5-2-13).  Boyce  and 
Vermc  (195^)  reported  a  toxic  dose  of  923  mg  sodium  arsenite  in  white-tailed 
dear:  however,  this  was  not  correlated  with  body  weight,  and  so  was  not  used 
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Table  5.2-13.  Toxic  Effects  Levels  of  Arsenic  for  Mamraals  and 
Birds  by  Ingestion 


Species 

Exposure 

Route 

Dose 

(mg/kg  bw/day) 

Acceptable 

Water 

Concentration 

(ppm) 

Effect 

Rabbits 

oral 

10.5 

0.013 

Death^ 

Rats 

diet 

A.  68 

7.A9 

N0El2 

Dogs 

diet 

3.12 

2.5 

Death^ 

Duckling 

diet 

60 

1.2 

Selenium- 
vitamin  E 
deficiency 

Sources:  1.  Chappellier  and  Raucourt,  1936. 

2.  Casarett  and  Doulli  1980. 

3.  Van  Vleet,  1982. 
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In  calculating  water  criteria.  An  acceptable  water  concentration  was 
calculated  from  the  chronic  lethal  level  for  dogs  and  water  consumption  data 
for  dogs  as  follows; 

_ LOAEL _ _  3.12  mg/kg  bw/day  ^  62. A  mg/1 

Intake/kg  bw/day  0.05/kg  bw/day 

The  LOAEL  is  divided  by  an  uncertainty  factor  of  5  to  convert  the  chronic 
LOAEL  to  a  chronic  NOELi  and  an  uncertainty  factory  of  5  for  interspecific 
variation,  resulting  in  an  acceptable  water  concentration  of  2.5  mg/1 
(2,500  ppb). 

Birds — Data  were  examined  to  determine  the  most  sensitive  toxicological 

endpoint  for  avian  species.  Water  consumption  rate  for  birds  was  based  on 

water  consumption  data  for  waterfowl.  Ducks  in  captivity  consume  200  ml/kg 

bw  on  a  daily  basis  (Sax,  198A).  Assuming  that  wild  populations  of  ducks 

consume  an  equivalent  amount  of  water  as  ducks  in  captivity,  an  acceptable 

water  concentration  can  be  derived  as  follows: 

LQA£L_qc_HQEL _  «  Acceptable  Surface  Water 

Intake/kg  bw/day  Concentration 

A  selenium-vitamin  E  deficiency  was  observed  In  ducklings  after  subchronic 
exposure  to  600  ppm  sodium  arsenlte  in  commercial  diet  (Van  Vleet  ,  1982) 
(Table  5.2-13).  Arsenic  Intake  was  estimated  from  food  consumption  data  for 
adult  ducks  of  100  g/kg  bw/day  (Sax,  198A);  as  food  consumption  rates  would 
be  higher  for  ducklings,  this  results  in  a  minimum  arsenic  intake  of  60 
mg/kg  bw/day.  From  the  following  equation; 

_ IQAIL _ -  6Q_3!gZk3_bw/day  -  300  mg /I 

Intake/kg  bw/day  0.2  1/kg  bw/day 

Applying  uncertainty  factors  of  50  to  convert  the  subchronic  LOAEL  to  a 
chronic  NOEL,  and  5  for  Intersf ecif ic  variation,  an  acceptable  water 
concentration  of  1.2  mg/1  (1,200  ppb)  Is  derived. 

Acceptable  water  concentrations  are  summarized  In  Table  5.2-13. 
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The  lowest  "no  effect"  concentration  for  surface  water  Ingestion  was  0.013 
ppm;  however)  uncertainty  In  this  estimate  Is  very  high  because  the  estimate 
Is  derived  from  an  acute  lethal  dose-  The  estimate  based  on'  subchronic 
toxicity  to  mallards  (1-2  ppm),  although  higher,  Is  considered  to  be  a 
better  estimate.  The  value  for  duckling  was  considered  to  be  better  than 
the  value  for  dogs,  because  It  was  based  on  sublethal  as  opposed  to  lethal 
effects.  Corresponding  sediment  criteria,  based  on  a  K^j  of  H8.4  1/kg  (see 
Section  5.2. 3-6),  were  178-1  ppm.  This  value  is  assumed  to  be  protective  of 
all  species  that  may  consume  water  at  RMA. 

5- 2. 2. 3  Aquatic_Li£e 

The  EPA  chronic  criteria  for  the  protection  of  aquatic  organisms  and  their 
uses  (190  ppb)  were  considered  appropriate  as  site-specific  criteria  for 
arsenic.  The  toxicity  values  for  all  fish  species  were  within  the  range  of 
values  for  species  that  could  be  found  at  the  RMA  lakes-  The  corresponding 
sediment  criterion  Is  calculated  as  follows: 

^sed  *  ^w  ^  ^d 

where:  K^j  -  H8.^  1/kg  (see  Section  5-2-3. 6) 

Cggd  -  190  ug/l  X  1A8.A  1/kg 

-  28,196  ug/kg 

"  28-2  ppm 

5  -  2 . 2 .  A  Aquatic_Eath'jiay_Acaly5is 
InttDductiQn_lQ_Aquatic_£athMay_Analysis 

This  Pathway  Analysis  is  based  on  the  bald  eagle  sink  food  subweb  and 
includes  all  major  food  chains  leading  to  the  selected  sink  species  (Cohen, 
1978).  Because  the  same  organisms/groups  appear  in  more  than  one  food  chain 
throughout  the  web-  percentage  contributions  for  each  organism  or 
compartment  have  been  estimated  based  on  existing  literature  (Table  5.2-lA). 
The  subweb  has  been  simplified  (e-g-,  bluegill  represent  all  fish  species  at 
that  trophic  level)  because  of  the  limited  data  available. 

Me  thQds_fQr_Aquatic_Paih'way_  Analysis 

Published  values  were  used  for  BCF  values  for  the  aquatic  organisms  (Table 
5-2-15),  as  RMA  data  were  unavailable- 
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Table  5.2-14-  Summary  Of  Feeding  HabitSi  Pathways  Analysis  for  Arsenic 


Species 

Food  Items 

X  in  Diet 

Reference 

Mallard  ■ 

Invertebrates^ 

44 

Swanson  £1  al 

1979; 

Swanson  £1  al 

-  ,  1985 

Plants^ 

30 

Swanson  et  al 

-  .  1979 

Swanson  £t  al 

- .  1985 

Annelids^ 

26 

Swanson  Et  al 

-  ,  1979 

Bald  Eagle 

Waterfowl 

24 

Cash  fit  al- , 

1985; 

Todd  fit  al- , 

1982 

Fish 

66 

Cash  fit  al- . 

1985 

Mammals 

10 

Cash  fit  al- , 

1985 

Blueglll 

Invertebrates 

88 

Martin  et  al- 

,  1961 

Plankton,  Algae 

12 

Martin  st  al - 

,  1961 

Pike 

Fish^ 

100 

Insklp,  1982 

1  Includes  Crustacea.  Insecta.  and  Mollusca- 

2  "Plants"  Includes  fruits  and  miscellaneous  seeds  (Swanson  et  al. .  1979: 
Swanson  el  al-.  1935).  Fruits  were  included  with  other  vegetation  forming 
the  mallards  diet,  although  data  quantifying  dleldrln  adsorption  or 
absorption  by  aquatic  fruits  was  unavailable  in  the  literature  researched. 

3  These  food  items  were  not  utilized  in  the  pathways  analysis-  Annelids  are 
apparently  washed  into  aquatic  systems  (Swanson  el  al-.  1979)  and  were  not 
included  because  areas  upgradlent  of  the  RMA  lakes  are  considered  to  be 
uncontaminated ■ 

4  Pike  are  opportunistic  feeders  that  will  utilize  other  food  sources,  but 
are  assumed  to  prey  completely  on  fish  for  the  sake  of  the  analysis- 

Source:  ESE,  1988- 
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Table  5.2-15.  Bloconcentratlon  Factors  Used  In  The  Pathways 
Analysis  for  Arsenic  (Page  1  of  2) 


Organism/Group 

Form* 

BCF 

Sources 

Aquatic  Plants 

Submergent 

As 

286 

Reay,  1972, v,v 

Submergent 

81.6 

Submergent 

696 

Submergent 

1.981 

Submergent 

1,310 

Submergent 

A  57 

Submergent 

53A 

Water  Hyacinth 

V 

2.6 

Chigbo  el  al.,  1982*,> 

Mixed 

As 

97 

Wagemann  el  al. ,  1978 

Geometric  Mean 

BCF 

2A0 

Plankton 

Mixed 

III 

20.9 

Dupree,  1960*,> 

71A 

118 

366 

206 

278 

Zooplankton 

As 

A6 

Wagemann  el  al- ,  1978 

Daphnla  magna 

As  jOq 

10 

Spehar  el  al. ,  1980 

Daphnia  magna 

AS2O5 

A 

Spehar  el  al-  ,  1980 

Geometric  Mean 

BCF 

7A 

Invertebrate 

Snail 

AspO-^ 

3 

Spehar  el  al •  ,  1980 

Sna  1 1 

17 

Stonef ly 

9 

Snail 

AspO^ 

3 

Snail 

6 

Stonefly 

7 

Pelecypoda 

As 

lAO 

Wagemann  el  al.  ,  1978 

Gastropoda 

80 

Ollgochaeta 

33.7 

Ephemeroptera 

111 

Tr ichoptera 

19 

Diptera 

39 

Zygoptera 

12 

Coleoptera 

2A 

Coleoptera 

23 

Diptera 

5.6 

Diptera 

A. 2 
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Table  5.2-15.  Bloconcentratlon  Factors  Used  In  The  Pathways 
Analysis  for  Arsenic  (Page  2  of  2) 


Organlsm/Croup  Form* 

BCF 

Sources 

Hydracar Ina 

13.2 

Hlrudlnea 

57 

Amphlpoda 

lOA 

Hemlptera 

lA.A 

Hemlptera 

18 

Hemlptera 

23 

Hemlptera 

A. 2 

Anlsoptera 

26 

Geometric  Mean  BCF 

18 

Fish 

Blueglll  III 

A 

Barrows  el  al..  1980 

Fathead  Minnow  V 

3 

DeFoe .  1982 

Unspecified  As 

AA 

8.1 

EPA,  1985b 

V.  Form  of  arsenic  to  which  biota  were  exposed 
III  -  arsenlte 
V  -  arsenate 
As  -  form  not  specified 
AS2O3  -  arsenic  trloxlde 
AS2O5  -  arsenic  pentaoxlde 

iv*  Concentrations  converted  to  wet  weight  from  dry  weight  using  a 
water  content  of  90*'.  before  calculating  BCF  (EPA.  1935). 

Source:  ESE,  1933. 


5-17A 


C-m-09D/BIORI502 .2.175 
5/2/89 


The  Kj  value  for  arsenic  used  In  this  analysis  Is  a  geometric  mean  1^8.^ 
1/kg  (see  Section  5. 2. 3. 6). 

The  sink  food  web  (combined  food  transfer  pathways  based  on  an  aquatic  or 
terrestrial  diet)  for  arsenic  is  presented  in  Figure  5.2-^.  Five  food 
transfer  pathways  ultimately  terminating  with  the  bald  eagle  were 


establl 

shed  as 

follows : 

Ironhlc  Level 

£atlik'a:£  Source 

1 

2 

g 

4 

1 

H2O 

Invertebrates 

Mallard 

Bald  Eagle 

2 

H2O 

Aquatic  Plants 

Mallard 

Bald  Eagle 

3 

H2O 

Plankton 

Bluegill 

Pike 

Bald  Eagle 

H2O 

Invertebrates 

Blueglll 

Pike 

Bald  Eagle 

5 

Soil 

Terrestrial 

Plants 

Small 

Mammals 

Bald  Eagle 

The  number  of  pathways  varies  with  each  contaminant  depending  on  the  quality 
and  quantity  of  data  available  for  the  analysis;  therefore,  there  are  only 
five  pathways  for  arsenic  as  opposed  to  eight  pathways  for  dleldrin-  The 
mallard  and  the  pike  represent  all  birds  and  fish  fed  upon  by  the  bald 
eagle • 

All  pathways  (except  Pathway  Five)  originate  with  water.  The  lowest  step  in 
the  food  chain  is  assumed  to  be  in  equilibrium  with  the  aquatic  environment, 
which  gives  equation  (1): 

BCF  -  Cb/C,^  (1) 

where:  Cj,  -  the  concentration  of  arsenic  in  biota 
Cy  "  the  concentration  of  arsenic  in  water 

This  equation  is  vital  to  the  rest  of  the  analysis-  The  end  result,  the 
total  BMF  for  the  bald  eagle,  can  be  ultimately  traced  back  through  water  to 
the  sediment,  because  it  is  assumed  that  all  arsenic  enters  the  water 
compartment  from  sediments  before  being  taken  up  by  the  biological 
compartment : 
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C„  -  _5s£d_  (7) 

Kd 

or  solving  for  Cggd  gives  equation  (8): 

Csed  -  Kd  (8) 

where:  C^gd  »  concaritrat Ion  of  arsenic  In  the  sediment  »' 

Cy  -  concentration  of  arsenic  In  water 
Kd  "  sediment-water  partition  coefficient 

The  method  used  In  the  Pathway  Analysis  Is  the  Thomann  (1981) 
bloaccumulat ion  model  of  food  chain  transfer  In  aquatic  ecosystems  where 
each  level  Is  a  step  In  the  food  chain: 


Level 

#1 

BCFi  -  Cfe/C.^ 

(1) 

Level 

e2 

BAr2  -  3CF2  ♦  f2BCFi 

(2) 

Level 

#3 

BAF3  -  BCF3  ♦  f33CF2  ♦ 

f 3f2BCF3 

(3) 

Level 

iti\ 

-  BCF4  .  f/,SCF3  . 

fi.f3BCF2  >  f/,f3f2BCF3 

(M 

The  food  term  (fj)  Is  a  function  of  the  trophic  level  In  question  and  Is 
calculated  by  the  following  equation; 

fi  -  (5) 

where:  (3  «  Assimilation  efficiency.  ug_absQCbcd 

ug  Ingested 

R  »  Total  dally  diet,  Intake  (g)/body  weight  (g)/day 
k2  «  CcpuratloTi  or  loss  rate,  day“^ 

X  «  Percent  of  Item  In  diet 

Two  studies  provided  data  used  to  estimate  assimilation  efficiency-  A  study 
by  Coulson  ct.  ai-  (1935)  observed  that  rats  retained  80  percent  of  Inorganic 
arsenic  Ingested  In  diet-  Only  four  rats  were  utlll.zed  In  the  excretion 
study-  Another  study  by  Oladlmejl  ct,  ai-  (193t<)  observed  arsenic  residues 
In  muscle  and  llv.?r  In  relation  to  diet.  An  e-:rln:ate  of  assimilation 
efflctiVKy  c.an  be  rt.ade  by  comparing  tot.al  lng"ste<l  arsetilc  for  lA  H-iys  to 
tissue  rasidue.  thereby  obtaining  a  g-omet r Ic  mean  of  0-A.  Since  excretion 
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was  occurring  during  the  Ingeatlon  period,  actual  asslallatlon  of  arsenic  by 
fish  may  be  much  higher.  Therefore.  0.8  was  used  to  represent  all  species 
In  the  analysis. 


The  depuration  or  loss  rate  (k2)  includes  residue  loss  d’je  to  growth 
dilution,  excretion,  and  metabolism.  Bccau.se  rate  constants  have  not  been 
measured  for  each  species  In  this  analysis,  k2  values  taken  from  the 
literature  were  u-sed  to  represent  all  species.  The  following  k2  values  were 
employed  In  the  Pathway  Analysis; 


k2  -  0.06/day 


k2  "  0.28/day 


^2  «  0.''<6/d.iy 


Derived  from  Woolson  ct  al.,  1976  study  on 
catfish  that  lost  from  75  to  93  percent  of 
body  burden  In  19  d.iys,  or  an  average  dally 
rate  of  0.06- 

Calculated  from  a  study  with  chickens  (Cverby  and 
Fredrickson.  1965)  that  Indicated  half-life  of 
arsenate  In  blood  was  >2-5  days.  For  the  purposes 
of  t  hi»  analysis,  2.5  day.s  w.as  used  as  the  half- 
life. 

Calculated  from  n  study  with  chickens  (Overby  .and 

Fredrickson.  1965)  that  Indicated  h.ilf- 

llfe  of  arsenlllc  acid  in  blood  was  1.5  days. 


A  geometric  nutan  value  of  0.36/d.ay  calculated  from  the  kalf-llfe  data  In 
chickens  was  used  to  represent  loss  from  avian  species-  For  fish,  the  los.s 
rate  of  0.06/day  was  used- 


A  Pathway  Analysis  was  not  performed  for  .nrscTilc  accumulation  by  ducklings 
because  the  high  loss  r.ate  due  to  g'owth  dilution  Is  expected  to  outweigh 
the  Increased  exposure  due  to  fei'.<llr;g  rate.  Ducklings  are  .at  greater  risk 
a.s  a  result  of  direct  toxicity  from  ingestion  of  contaminated  water  or  food 
Items  than  from  resi.iue  S 1  oaccumu  1  a  t  1  on  . 


£.1 1  bwa  y ..  .4  n  a  J.  y i.  s 

The  Pathway  Analysis  use-  HCF.  >  values  i„  level  <•!  thtiMigh 

w.‘,  equa  l  l-uris  to  derive  .1  :5.\F  for  key  organism-;  In.  f.'sch  food  ch.-iln. 
B.tfs  frtr  each  ff'a;d  ch.alti  Itave  l.een  calcu!  it.'^d,  they  .ire  siu'-'med  tr;  give 
/j  Till'  for  the  f J  Tlte  fo.^.d  chain  R.-M'  r a  1  cu  1  .t t  loe.s  are  presented  In 

the  f  o  1  1  o  V 1  n  ;>  s  e  c  '  t  on  s  • 
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EalhHay_Qnei _ H20=i_lDxeElEhcates=i_Mallard=i_Bald_£agle — BCFs  for 

Invertebrates  range  from  3  to  l^tO  for  various  aquatic  Invertebrates 
Including  gastropods,  ollgochaetcs.  and  dlpterans,  and  others  (Spehar  el 
al.,  1930;  Wagemann  £t  al.,  1978).  Data  from  the  Wagemann  el  al-  study  were 
collected  In  field  studies  comparing  accumulation  factors  over  a  several 
month  period  for  several  lakes  (a  geometric  mean  of  data  from  four  lakes  for 
five  months  for  each  taxon  was  calculated  to  obtain  one  data  point  per 
taxon);  therefore,  these  data  actually  represent  BAF  values-  However,  for 
the  purposes  of  the  analysis,  small  aquatic  Invertebrates  are  assumed  to  be 
In  equilibrium  with  their  environment;  at  this  trophic  level,  the  processes 
of  bloconcentrat Ion  are  assumed  to  outweigh  blomagnlf icat Ion  to  the  extent 
that  the  BAF  Is  equivalent  to  the  BCF.  A  geometric  mean  value  was  used  to 
represent  bloconcentrat Ion  In  the  Pathway  Analysis: 

Invert  "  ^3 

The  food  term  (£2)  Is  calculated  by  assuming  that  an  adult  mallard  weighs 
approximately  1,100  g  and  consumes  about  57. A  g  total  diet  e.ich  day  (Miller, 
1975),  of  which  4A  to  56  percent  of  the  diet  Is  Invertebrates  (Swanson  ct 
al',  1979).  Sax  (198A)  Indicates  adult  ducks  In  captivity  consume  nearly 
twice  this  much  dally.  For  the  pathway  analysis,  A/,  percent  was  used  to 
represent  Invertebrate  Intake  by  mallards-  The  BAF  for  a  mallard  Is 
calculated  by  assuming  th.at  the  first  term  In  the  Level  #2  bloaccumulat Ion 
equation  (2)  equals  zero,  because  bloconcent rat  Ion  by  nonaquatlc  organisms 
Is  considered  to  be  negligible: 

BAF2  -  BCF2  •  f2ECFi  (2) 

^^^m.all.ard  ”  ^2^^^1nverl 

where:  BCF2  “  0 

f2  -  D...a_x_(.52...,4-gZlal00.8/dayl_X-Ai?  -  0.051  (5) 

0. 36 /day 

When  the  .BCF  for  Invertebrates  is  18.  the  BAF  for  mallard  Is  0-92. 


(1) 


5-179 


ainBarit?CTJOTCffl!ag.-Eri^^ 


C-RMA-09D/8IOKI502 .2.180 
5/2/89 


An  adult  eagle  weighs  approximately  ^,500  g  (Schafer,  1986)  and  consumes  255 
g  dally  (Swles,  1986),  of  which  2<i  percent  of  the  diet  Is  birds  (Cash 
et  al. ,  1985;  Sherrod,  1978).  Energy  requirements  are  different  for 
wild  birds  than  birds  living  In  captivity,  so  these  dietary  quantities  are 
only  approxl.mate  (Jehnklns,  1986:  Sherrod,  1936).  The  following  BAF  values 
for  an  eagle  are  calculated  by  assuming  that  the  first  two  terms  in  the 
Level  #3  bloaccumulat Ion  equation  (3)  equal  zero  ( bloconcentrat  Ion  by  the 
mallard  and  the  eagle  are  both  negligible): 

BAF3  -  BCF3  »  f3BCF2  *  f3f2ECF3  (3) 

®*^eagle  "  ^3^2®^'^lnv9rt 

where;  BCF3  ♦  f3BCF2  -  0 

f3  -  0^a_x_I255_?Z4^5DQ_g/dayl_x_2i25  -  0-030  (5) 

0- 36/day 

When  the  BCF  for  Invertebrates  Is  13.  the  BAF  for  eagle  is  0-028. 

Eathway-lHQi _ H2Q=.i-Aquatiu_Eiants-i_t!allard=i_Bald_£a2l2 — The  BCF  for 

plants  was  estimated  from  observed  values  for  submerged  macrophytes  of  2-58 
to  2,000  (Reay.  1972;  Chlgbo  et  ai-.  1932:  Wagemann  ei  al-,  1978)-  Tissue 
concentrations  for  Reay  (1972)  and  Chlgbo  el  al-  (1982)  have  been  corrected 
with  a  factor  of  0-1  (Rlckett,  1921)  to  convert  values  given  on  a  dry  weight 
basis  to  wet  weight  prior  to  calculating  the  BCF-  A  geometric  mean  value 
was  used  to  represent  BCF  for  aquatic  plants: 

BCFpinnt  "  (1) 

To  calculate  the  BAF  for  a  mallard,  the  food  term  f2  remains  the  same  as  In 
Pathway  One,  except  that  the  percentage  of  the  food  Item  In  the  diet  Is  now 
30  percent.  The  BAF  Is  calculated  using  .equations  (2)  and  (5): 

3AF2  -  BCF2  ♦  f25CFi  (2) 

1  rd  “  ^2^^^plarit 
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where:  BCF2  -  0 

f2  -  Q^_x_i5L^_gilUQQ_2ZdaxI-X_:5Q'i  -  0.035  (5) 

0.36/day 

When  the  BC?  for  aquatic  plants  Is  2A0i  the  BAF  for  nallard  Is  8. A 

The  food  term  for  the  consumption  of  mallards  by  the  eagle>  f^,  remains  the 
same  as  In  the  Pathway  One  equation.  The  BAF  is  calculated  using  equations 
(3)  and  (5); 

BAF3  -  BCF3  ♦  f3BCF2  ♦  f3f2BCF3  (3) 

®^^e3gle  “  ^3^2®^^plant 

where:  BCF3  and  f3BCF2  -  0 

f3  -  Q^a_x_i255_gZ4^5DQ_«ZdayJi_x_24’«  -  0.030  (5) 

0.36/day 

When  the  BCF  for  aquatic  plants  is  240i  the  BAF  for  eagle  Is  0.25. 

EaS.hHay_IhEeei_H20=a_Piankton=a_aiusgill=a_Eiker:a_Bald_£agle — Pathways 
leading  to  the  bald  eagle  via  fish  are  more  complex  because  bioconcentration 
occurs  at  each  trophic  level  1  not  just  at  the  lowest  trophic  level.  This 
Introduces  a  fourth  factor  Into  the  BAF  equation,  as  the  eagle  Is  at  Level 
#A  Instead  of  Level  ^>3.  The  BCF  for  plankton  ranges  from  A  to  71A  for 
various  forms  of  arsenic  (Table  5.2-16)  after  applying  a  correction  factor 
of  0.1  (Rlckett,  1921)  to  convert  dry  weight  to  wet  weight.  For  zooplankton 
exposed  to  arsenic  In  a  field  study,  the  BCF  was  A6  (Wagemann  et  ai..  1978). 
The  geometric  mean  was  used  to  represent  bloconcentrat Ion  In  the  Pathway 
Analysis: 

®^^plankton  “  (1) 

The  BCF  for  the  blueglll  (Lepoals  macrcchicus)  Is  derived  from  studies 
Indicating  BCF  values  for  blueglll  of  A  (Barrows  el  al ■ ,  1980),  fathead 
minnow  of  3  (DeFoe,  1932),  and  unspecified  fish  of  AA  (EPA,  1985a).  A 
geometric  mean  value  was  selected  as  the  BCF  for  blueglll: 

®<^fblueglll  “  (1) 
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Table  5. 


Pathway 

Pathway 

Pathway 

Pathway 

Pathway 


Source : 


2-16.  Suscniary  of  Bloaccumulat Ion  Factors  for  Each  Species 
in  the  Pathways  Analysis  for  Arsenic. 


Bluegill 

_Eike_ 

Buck 

Uamisal 

Eagle 

1 

— 

— 

0.92 

— 

0.028 

2 

— 

— 

8.  A 

— 

0.25 

3 

12 

13 

— 

— 

1.1 

A 

lA 

lA 

— 

— 

1.2 

5 

3.5 

0.00056 

ESE  > 

1988. 
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If  a  blueglll  consumed  3  percent  of  Its  body  weight  dally  (Chadwick  and 
Brocksen,  1969),  the  total  dally  Intake  term  (R)  would  be  0.03  regardless  of 
actual  body  weight.  Various  algal  forms  account  for  approximately  12 
percent  of  the  bluegllls  diet  (Martin  et  al. ,  1961);  this  value  was  used  for 
the  percent  of  plankton  In  the  blueglll  diet.  The  k2  value  used  for  the 
blueglll  Is  based  on  a  loss  rate  of  0.06/day  (Woolson  el  al.,  1976).  The 
BAF  Is  calculated  using  equations  (2)  and  (5): 

BAF2  -  BCF2  ♦  f2BCF2  (2) 

BAFfaiueglll  “  ®^^blueglll  *  ^2®^^plankton 

where:  f2  -  Q^_x_iQ^Q3/dayl_x_12'«  -  0.048  (5) 

0. 06/day 

The  SCF  for  the  pike  (3.1)  Is  derived  from  the  same  data  set  as  the  BCF  for 
blueglll.  The  pike  is  also  estimated  to  consume  3  percent  of  its  body 

weight  dally  (Chadwick  and  Brocksen,  1969),  such  that  the  total  daily  intake 

term  (R)  would  be  0.03  regardless  of  actual  body  weight.  It  is  assumed  that 

pikes  feed  entirely  on  bluegllls  for  the  sake  of  this  analysis.  The  k2 

value  used  for  the  blueglll  Is  based  on  a  loss  rate  of  0.06/day  (Woolson  el 
al.  ,  1976).  The  BAF  Is  calculated  using  equations  (3)  and  (5): 

BAF3  -  BCF3  .►  f3BCF2  f3f2BCFi  (3) 

BAFpike  -  BCFpike  *  ^ BBCFtiuegm  *  f 3^ 2SCFpiankton 

where:  f3  -  QiS_a:_IQ^Q3/dayl_K_lQQ'‘  =  0.40  (6) 

0. 06/ day 

The  eagle  food  term  (f^,)  was  calculated  by  assuming  an  eagle  weighs  4,500  g 
and  consumes  255  g  food  dally,  of  which  66  percent  of  the  diet  is  fish  (Cash 
el  al.,  1985).  The  first  term  of  the  Level  »4  equation  equals  zero.  The 
BAF  was  calculated  using  equations  (4)  and  (5): 

BAF^  -  BCF^  *  f£,BCF3  -  fi,f33CF2  *  f,.,f3f2BCFi  (4) 

^AFgagle  "  ^A^CFpike  ’  f4f3®'^^blueglll  *  -4  ^ 3^ 2®'^^plankton 


I 

|;'S 


t'  ■' 


5-183 


C-RMA-09D/BIORI502 .2.18^ 
5/2/89 


where:  BCF^  »  0 

ft,  -  Q^a_x_I255_s/4x5£lQ_8/da:il_x_66^  -  0-083  (5) 

0.36/day 

When  the  BCF  for  plankton  Is  7A,  the  BAF  for  bluegill  Is  12-  The  BAFs  for 
pike  and  eagle  are  13  and  1-1,  respectively. 

Ealbway-ZQuri. _ H2Q=i_Inyai;l£hrates=i_Blu2glll=i_Elk£=i_Bald_Zagle — BCFs  for 

aquatic  invertebrates  r.:nge  from  3  to  lAO  for  various  aquatic  Invertebrates 
including  gastropodsi  ol Igochaetes .  and  dipterans>  and  others  (Spehar  Et 
al- .  1980;  Wagemann  eX.  al • .  1978).  Data  from  the  Wagemann  el  al-  study  were 
collected  in  field  studies  comparing  accumulation  factors  over  a  several 
month  period  for  several  lakes  (a  geometric  mean  of  data  from  four  lakes  for 
five  months  for  each  taxon  was ■ calculated  to  obtain  one  data  point  per 
taxon):  therefore,  these  data  actually  represent  BAF  values-  For  the 
purposes  of  the  analysis,  small  aquatic  invertebrates  are  assumed  to  be  in 
equilibrium  with  their  environment:  at  this  trophic  level,  the  processes  of 
bioconcent  rat  ton  outweigh  blomagnif Icatlon  to  the  extent  that  the  BAF  is 
equivalent  to  the  BCF-  A  geometric  mean  value  was  used  to  represent 
bloconcentrat ion  in  the  Pathway  Analysis: 

BCFinvert  "  (1) 

The  BCF  for  bluegill  (3-1)  is  the  same  as  Pathway  Three.  Aquatic 
invertebrates  account  for  approximately  88  percent  of  the  bluegills  diet 
(Martin  el  ai-,  1961).  The  BAF  is  calculated  using  equations  (2)  and  (5): 

BAF2  -  BCF2  -  f2BCF|  (2) 

^'‘^Fjjiuegill  ”  ^^^bluegili  *  ^2^^F]^nvert 

where:  f2  “  QiS_i:_IQiD3Zdayl_x_S32  »  0-35  (5) 

0- 06/day 

The  BCF  for  pike  (3-1)  was  derived  from  the  same  data  set  as  bluegill-  The 
food  term  is  the  same  as  Pathway  Three-  The  BAF  is  calculated  using 
equations  (3)  and  (5); 
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nAF3  -  BCF3  ♦  f3BCF2  ♦  f3f2BCFi  (3) 

SAFpike  -  BCFpike  ♦  f 3BCFbiueglll  ♦  ^ 3^ 2BCFinvert 

where:  £3  -  Qj.a_x_IQj.Q3Zda5f3_x_lQQ’i  -  O.AO  (5/ 

0.06/day 

The  eagle  food  term  (f^)  was  calculated  by  assuming  an  eagle  weighs  A, 500  g 
and  consumes  255  g  food  daily,  of  which  66  percent  of  the  diet  Is  fish  (Cash 
fit  al-i  1985).  The  first  term  of  the  Level  #A  equation  equals  zero.  The 
BAF  is  calculated  using  equations  (A)  and  (5): 

BAF^  -  BCF^  ♦  f4BCF3  ♦  f^f3BCF2  ♦  fi,f3f2BCFi  (A) 

BAFgggj^g  -  ^A^^^pike  ^A^3®*'^blueglll  *  ^A^3^2®^^invert 

where:  BCF^  «  0 

-  Q^a_2:_i255_«Z4^5QQ_gZdayl_x_6fi«  -  0.083  (5) 

0. 36/day 

When  the  BCF  for  aquatic  Invertebrates  is  18>  the  BAF  for  blueglll  Is  lA- 
The  BAF  for  pike  Is  lA .  and  the  BAF  for  eagle  is  1.2. 

DiscussiQn_and_CQnclusians 

Biomagnlf Icat ion  Is  the  result  of  bioconcentration  and  bioaccumulation  by 
which  tissue  concentrations  of  chemicals  increase  as  the  chemical  is 
transferred  up  food  chains  (Rand  and  Pctrocellit  1985).  The  term  implies 
systematic  transfer  between  trophic  levels  and  can  be  used  to  predict 
interrelationships  between  the  abiotic  environment  and  selected  target 
species. 

BAF  values  as  derived  for  the  individual  pathways  (Table  5-2-16)  represent 
accumulation  in  separate  single  food  chains.  To  derive  overall  accumulation 
in  the  entire  food  web.  variations  of  the  following  equation  are  used: 

BMFi  -  BCFi  +  I fiBAFi_i 
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For  each  of  the  major  trophic  levels  in  the  aquatic  Pathway  Analysis,  total 
blomagnlf Icatlon  is  presented  In  Table  5.2-17. 


Total  BMF  can  be  used  to  determine  maximum  allowable  levels  of  arsenic  in 
sediment  by  relating  sediment  concentration  to  maximum  acceptable  tissue 
concentration  as  follows  (Tucker,  1986): 

__tIAIC _ -  Cv,  (6) 

Total  EMF 

and,  Cged  “  ^  (8) 


where:  Kj  -  (See  Section  5. 2. 3. 6) 

The  MATC  was  based  on  a  published  value  for  rhc  lowest  concentration  which 


resulted  In  sublethal  or 


SPECIES 

QKGAU 

Cowblrd 

1  iver 

Cowblrd 

1  Iver 

Animals 

kidney 

( species 

liver 

unknown) 

Chicken 

liver 

lethal  toxic  effects: 


PPM 

EEPECI 

10.2 

Death 

(9.6-10-7) 

0-70 

Survived 

(0.67-0-76) 

>10 

Death 

(2-100) 

6-12 

Death 

BIZmiiCE 
Wieraeyer  ei  al . , 
1980 

Hlemeyer  et  ai-  , 
1980 

Buck,  1973 


Wlemeyer  et  al • ,  1980 


The  lowest  tissue  concentration  at  which  toxic  effects  have  been  observed  Is 
divided  by  the  BMF  for  eagle  from  Table  5.2-17,  then  corrected  with  Kj  to 
give  the  water  or  sediment  concentration  at  which  "no  effects"  are  likely  to 
occur-  Sublethal  effects  data  were  unavailable  in  the  literature 
researched-  At  liver  concentrations  less  than  Q.lk  ppm,  cowbirds  survived 
treatment;  liver  concentrations  of  6  ppm  and  greater  are  correlated  with 
mortality  in  birds-  Buck  (1978b)  states  that  levels  greater  than  10  ppm  are 
diagnostic  of  arsenic  poisoning,  while  levels  of  2  to  10  ppm  can  be 
indicative  of  toxicosis  or  mortality-  The  highest  concentration  in  liver  of 
cowbirds  that  survived  was  used  to  represent  the  MATC-  The  margin  of  safety 
is  very  narrow,  because  at  less  than  1  ppm  In  tissue  birds  survived,  but  at 
2  ppm  mortality  In  animals  can  possibly  occur. 
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Table  5.2-17.  Total  Blomagnlf Icat Ion  of  Arsenic  Residues  for 

each  of  the  Key  Organisms  In  the  Aquatic  Pathways  Analysis. 


Organism 

Laval 

. -Equation 

Mallard 

#2 

r  f2BCFi 

9.3 

Blueglll 

#2 

BCF2  ♦  If2BCFi 

19 

Pike 

#3 

BCF3  ♦  '3B^^’"bluegill 

16 

Eagle 

#3.  #A 

f^BMFplke  ,  f3BMF„3llard 

1.6 

Source:  ESE,  1938. 
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The  "no  effects"  level  In  scdloient  and  water  for  bald  eagle  Is  derived  as 
follows : 


_ MAIC _  "  Cw  “  Q.i.24_ppm  -  0.«6  ppm  (11) 

Total  BMF  1-6 

^sed  “  ^w  f'd  "  0-^6  ppm  x  l/i8.A  "  68.26  ppm  (3) 

Dge  to  the  high  loss  rate  of  arsenic  from  tissue.  It  may  not  be  appropriate 
to  base  water,  or  sediment  criteria  on  arsenic  levels  In  tissue,  because 
arsenic  does  not  tend  to  accumulate  In  tissues.  Toxic  effects  can  occur 
with  no  significant  Increase  In  tissue  concentrations-  Criteria  for  the 
abiotic  environment  should  consider  toxicity  to  organisms  at  lower  trophic 
levels  In  the  food  web-  Some  phytotoxic  effects  occur  as  a  result  of 
Irrigating  crops  with  groundwater  containing  levels  higher  than  the  EPA 
criteria  for  Irrigation  water  of  100  ppb  (0-1  ppm)  (EPA,  1981).  When  a  Kj 
of  H8.4  1/kg  Is  used  to  convert  water  criteria  for  crop  Irrigation  to 
sediment  concentrations,  a  "no  effects"  level  of  l^i.8  ppm  In  sediments  Is 
obtained • 

Organic  arsenleals  are  less  toxic  than  Inorganic  arsenleals  (50  to  100  ppm 
phenylarsonlc  compounds  recommended  In  poultry  feed  as  a  dietary  supplement 
(Ledet  and  Buck,  1978))  and  the  excretion  rate  Is  higher.  A  sediment  or 
soil  level  based  on  toxicity  of  Inorganic  arsenic  will  thus  protect  against 
toxicity  of  organic  arsenic- 

r 

3- 2. 2. 5  IecresXri2l_PaibHay_Analysis 
lDl£Qducl.iQn_la_l2i;rE.5lEial_Eaihiiay_Aaaiysis 

This  analysis  was  performed  to  determine  cleanup  criteria  for  arsenic  in  a 

f 

terrestrial  based  food  web  (soll-blota)  pathway-  The  approach  used  for  the  J 

terrestrial  pathway  analysis  arrives  at  a  "no  effects”  level  In  soli  of  1 

terrestrial  ecosystems  on  RKA  by  assuming  that  soils  are  a  source  of  arsenic  ; 

contamlnat Ion . 
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Mathcd«5  for  Terrestrlal_£ath«a^-Anal2ai^=-JB3ld-£a2la_£ood_Heb 
The  terrestrial  based  food  chain  In  the  bald  eagle  food  web  was  analyzed  to 
deteralne  concentration  of  arsenic  xron  soil  to  the  target  organism.  The 
total  BMF  for  the  terrestrial  food  chain  was  used  to  derive  a  soil  criterion 
for  arsenic. 

Eaii)Kay_Ziitfix. _ SDiL=a_Ifir;resi.rial_21anl5=>_Saall_MaEaals=:^_Bald_£agle — 

Residue  concentration  in  the  pathway  leading  to  the  bald  eagle  through 
herbivorous  tnammals  becomes  insignificant  due  to  the  effect  of  arsenic  on 
plcnts.  Host  terrestrial  plants  are  incapable  of  accumulating  arsenic  to 
any  extent  due  to  phytotoxic  effects.  The  EMF,  the  concentration  in  plants 
compared  to  concentration  in  soil,  is  theref  re  usually  less  than  one- 
Exceptions  may  occur  in  plants  growing  near  alllngs  or  smelters  (Porter  and 
Peterson.  1973). 

Concentration  from  soil  to  plants  Is  O.OO^i  to  0.06  (Steevens  el  al-.  1972), 
when  total  soil  arsenic  was  compared  to  arsenic  in  potato  flesh  (N-18). 
Values  below  detection  were  not  used-  In  an-ther  study  with  plants, 
concentration  factors  for  arsenic  In  controls  were  higher  than  concentration 
factors  In  treated  p.ants,  while  tissue  concentrat Ions  between  controls  and 
treated  plants  were  equal  (Kenyon  el  al- ,  1979);  these  data  were  not  used  In 
the  Pathway  Analysis-  A  geometric  mean  value  based  on  data  from  Steevens  el 
al-  (1972)  was  used  to  represent  the  EHF: 

E«Fpia„ts  -  0.02 

The  accumulation  factor  for  .small  m.ammals  was  derived  from  d.ata  for  rats 
(Coul-son  el  al-,  1935).  Animals  were  fed  a  stock  diet  containing  0.2  and 
17.9  ppm  Inorganic  As  or  diets  containing  n.aturally  occurring  arsenic  from 
shrimp,  with  and  without  added  Inorganic  arsenic,  for  a  32  week  period. 

Only  Inoiganlc  arsenic  data  were  used  to  calculate  accumulation  from  diet  as 
comp.a'cd  to  concentrations  In  liver;  th"  concentration  factors  ranged  from 
2.7  (for  the  17.9  pprn  diet)  to  •<  6  (for  the  0.2  ppm  diet)-  Since  tissue 
concentrations  are  only  available  for  liver,  these  values  may  be  too  high, 
.and  do  not  reflect  concentration  on  a  whole  body  basis.  The  geornetrlr.  sic, an 
v.alue  was  used  to  represent  the  8AF: 
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MnUNUWliV^ 


“  3-5 

The  aroount  accumulated  from  the  diet  by  the  eagle  was  estiaated  from 
unpublished  data  by  Stlckel.  where  two  cowblrds  were  dosed  with  225  ppm  and 
two  with  25  ppm  copper  aceto-arsenlte  (Wlemeyer  ei  al-i  1980).  Data  for 
tissue  concentrations  were  converted  from  dry  weight  to  wet  weight  (tissues 
contained  75  percent  water  according  to  Wlctneyer  et  al-.  1930)!  liver 
concentrations  ranged  from  0-67  to  10.7  ppm  on  a  wet  weight  basis.  Dietary 
concentrations  of  25  or  225  ppm  copper  aceto-arsenlte  were  converted  to 
arsenic  concentrations  of  11.1  and  100  ppm  before  calculating  BAFs.  BAFs 
ranged  from  0-060  to  O-ll-  A  geometric  mean  value  of  O-OS  was  used  to 
represent  concentration  by  eagle- 

The  terrestrial  pathway  Is  as  follows; 

0.02  s  3-5  X  0.08 

soli  ->  terrestrial  pl.ants  ->  m.ammals  ->  eagle 

The  amount  accumulated  from  the  diet  by  the  eagle  (assuming  an  nccumvilat Ion 
rate  equivalent  to  m.artmals)  Is  thus  0.0056  times  the  amount  In  soil.  The 
terrestrial  pathway  Is  10  percent  of  the  e.igles  diet!  therefore,  the  total 
EHF  for  this  pathway  is  0.00056. 

Sesull3-.and_Dlscu3.slon 

Pathway  Five  assumes  greater  s  1  gn  1  f  Ic.ance  ba;;e<l  on  observed  winter  feedl'ig 
behavior  of  eagles  at  P-MA,  where  eagle.s  subsist  primarily  on  sci.tll  mamm.il.! 
pirated  from  other  raptors.  Observations  Indicate  that  appro.i:  1  ma  t.  e  1  y  90 
percent  of  the  e.iglo  diet  is  made  up  of  sm.iJl  ni.amm.i  1  .s :  the  "no  effects" 
level  In  soli  Is  then  b.3sed  on  90  percent  of  the  diet  reprc.sented  by  Pathway 
Five.  The  total  BMP  Is  equal  to  90  percetit  of  the  B.'^F  estimated  by  Pathway 
Five  (0.0056),  or  0.0050-  For  the  lerrestrl.al  palhw.ay,  the  MATC  Is  divide..! 
by  the  RHF  for  the  .soli  pathw.ay  to  .irttvn  directly  itt  the  "no  effects"  .soil 
level  at)  follow.s: 

_-.M.Al'C _  -  ”  0.,.2')_nC3  »  l'<3  ppm  (6) 

Total  S,-!F  ’  0-0050 


5-190 


C-RMA-09D/BIORI502 .2.191 
5/2/89 


Since  plants  tend  to  be  siore  susceptible  to  toxic  effects  as  a  result  of 
arsenic  exposurei  soli  criteria  should  also  consider  the  relative 
phytotoxlclty  of  arsenic  to  plants.  The  soli  concentration  that  results  In 
"no  effects"  to  50  percent  growth  reduction  for  various  crop  types  In 
different  soils  ranges  fron  9  to  1,000  ppm  total  arsenic  (Woolson,  1933), 
resulting  In  a  geometric  mean  value  of  52  ppm  total  soil  arsenic  as  the 
level  for  protection  of  plants.  When  data  were  presented  as  a  range,  a 
median  value  was  used  as  the  point  value  to  calculate  the  mean.  Only  data 
Indicated  as  statistically  significant  were  used.  By  applying  K^j , 
concentrations  of  52  pprn  In  soli  result  In  0-35  ppm  In  potential  runoff 
water.  This  Is  slightly  higher  than  the  recommended  level  of  0.1  ppm  In 
Irrigation  water. 

The  soil  criterion  can  also  be  used  to  predict  toxicity  to  small  mammals 
exposed  to  contaminants  from  Ingesting  contaminated  soli.  An  exposure  rate 
as  a  function  of  the  acceptable  soli  criteria  can  be  estimated  from  the  soil 
criterion  and  the  soli  Ingestion  rate  for  small  mammalsf'as  follows: 

Soli  Criterion  x  Soli  Ingestion  Rate  Dally  Exposure 

52  mg/kg  soil  X  0  000873  kg  soll/kg  bw/day  «  0.0<,6  mg/kg  bw/day 

The  exposure  rate  based  on  a  soil  criterion  of  52  mg/kg  sol!  Is  nearly  three 
orders  of  magnitude  lower  than  the  observed  toxic  dose  for  small  matirmals, 
and  therefore  direct  toxic  effects  are  not  expected  at  the  criterion  level 
of  52  mg/kg  In  soil-  The  dally  Int.ake  of  arsenic  from  Ingesting  soli 
represents  a  conservative  estimate  as  an  assimilation  efficiency  of  100 
percent  is  assumed- 

Because  b  I  oma  gn  1  f  1  ca  t  Ion  of  arsenic  in  the  terrestrial  food  ch-alii  is  less 
than  1,  the  terrestrial  food  web.  with  the  -American  kestrel  as  the  top 
carnivore,  was  not  evaluated. 

5  -  2  -  2 . 6  Uaceclaini 

In  the  uncertainty  analysis,  .all  of  tha  Intaktt  rates  (R  v.alues)  and  percent 
of  items  in  diet  -ire  trc.sted  as  tclangul-ar  d  Ist  r  1  hut  ions  where  the  minims 
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and  maxiisa  are  knovm  and  a  best  estimate  within  that  range  has  been 
determined.  Using  the  triangular  distribution  as  input,  the  best  estimate 
will  be  more  likely  than  values  near  either  end  of  the  range.  Methodology 
for  the  uncertainty  analy.sls  Is  described  In  detail  In  the  forthcoming 
Offpost  Endangerment  Assessment.  Diets  of  each  link  on  the  sink  food  web 
are  summarized  In  Table  5.2-13. 

Several  assumptions  were  made  In  order  to  conduct  the  analysis: 

o  The  diet  of  the  target  organism,  the  bald  eagle.  Is  supplied  only 
by  the  aquatic  food  chain,  with  ducks  and  pike  the  representative 
prey  organisms:  and 

o  Absorption,  or  assimilation,  of  Ingested  arsenic  Is  assumed  to  be 
100  percent . 

Based  on  the  available  data,  different  k2  values  were  reported  for  fish  and 
birds.  Woolson  et  al •  (1976)  conducted  a  model  aquatic  study  In  which 
catfish  were  e.xposed  to  a  mixture  of  sodium  arsenate  and  arsenic  acid  .it 
0.01,  0-10,  and  i-O  parts  per  trillion  (ppt)  for  17  days  prior  to 
transferring  to  i!r.senlc-f rce  water  for  lA  days.  Results  from  tl.ssue 
analysis  Indicated  that  75,  80,  and  93  percent  of  the  sorbed  arsenic  was 
flushed  out  of  the  catfish  at  the  corresponding  exposure  levels,  resulting 
In  depuration  rate.s  of  0  OS^i,  0-057,  and  0-060  d-iy"^.  Since  only  one  study 
has  been  reported  on  only  one  species  of  fish,  the  spread  In  this  data  docs 
not  adequately  represent  the  uncert.ilnty  in  the  estlra.itc  of  depvir-i t  Ion  rate 
for  several  different  species  Indigenous  to  the  R-’IA  aquatic  ecosystems.  To 
nxsro  realistically  represent  this  iir-e-er t a  In t y  >  reference  Is  made  to  other 
Indicator  chemlc-sls  for  the  biota  -assessment  .  specifically  DiiCP,  Dlcldrln. 
and  Endrln-  For  these  chemicals.  tb-»  standard  deviation  was  generally  60 
percent  of  the  mean-  By  analogy  It  is  a:;sumed  th.it  the  arsenic  depuration 
rate  In  b!/d;;  Is  of  similar  reliability.  Th.s  Is  expres.sed  a.s  .i  log-nornial 
distribution  with  a  me.in  of  0-057  and  st.ind.ird  dovl.itlon  of  0-03- 

Arsenic  depur.itlon  r.ates  In  birds  were  estl.'isateJ  from  a  study  with  whiti’ 
leghorn  hens  (Overby  and  Fredr  1  ck.son ,  1965)-  Converting  ha  1  f- I  of  60 

-irid  36-hr  for  arsenate  and  .arsenic  acid,  resp-»ct  Ively ,  In  blood  results  In 
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Table  5.2-18-  Dietary  Input  Factors,  Pathways  Analysis  for  Arsenic 
R  -  Total  Dietary  Intake  (day)~^ 


Minimum 

Best 

Est Imate 

Maximum 

Eagle 

0.51 

0.57 

0.76 

Hallard 

0.45 

0.52 

0.93 

Pike 

0.01 

0.03 

0.05 

Blueglll 

0.01 

0.03 

0.05 

Percent  of  Item  In  Diet 

Eagle/Mallard 

14 

28 

42 

Eagle/Plke 

58 

72 

86 

Mai lard /Invertebrates 

40 

58 

75 

Mallard/Aquatic  Plants 

25 

42 

60 

Blueglll/ Plankton 

6 

12 

13 

Blueglll /Invertebrates 

82 

83 

94 

Source;  £3E,  1983. 


5-193 


C-RMA-09D/BIORIVT5. 220.1 
4/12/89 


Table  5. 

■2-20.  Toxic 

Effects  Levels  of 

DBCP  for  Small  Mammals 

and  Birds  by  Ingestion 

Species 

Exposure 

Route 

Dose 

Effect 

Acceptable 

Hater 

Concentration  Sources 

(ppm) 

Rat 

Diet 

0.5  mg/kg  bw/day 

No  chronic  effects 
on  organ  weights 

0.8 

1 

Diet 

0.3  rng/kg  bw/day 

Toxic  to  kidney 
and  liver;  stomach 
tumors 

0.096 

2 

Drinking 

water 

2  mg/kg  bw/day 

Mo  observed  subchronic  0.32 

effects 

3 

Mouse 

Diet 

0.3  mg /kg  bw/day 

Stomach  tumors 

0.06 

2 

Rabbit 

Drinking 

water 

0.94  mg/kg  b'w/day 

No  effects  as 
measured  by  sperm 
morphology 

0.11 

4 

Chicken 

Oral 

60  a  g / k  g  b V 

-^50 

0.043 

1 

Sources : 

1.  Torkelson  et  al  •  i  1961. 

2.  Hazelton  Laboratories i  1977,  1973. 

3.  Johnston  et  ai-,  1936. 

4-  Foote  ei.  al.,  1986a,  1936b. 

*  Uncertainty  factors  have  been  applied  (see  Section  5.1). 
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is  similar  to  toxicity  due  to  exposure  from  water  Ingestiorit  an  acceptable 
surface  water  concentration  is  derived  using  the  following  equatloni  where 
LOAEL  is  the  lowest  observed  adverse  effects  level; 

_ LQAEL _  -  Acceptable  Surface  Water  Concentration 

Intake /k.g  bw/day 

Using  0.3  mg/kg  bw/day  as  the  LOAEL.  and  dividing  it  by  dally  water  intake  for 
mice,  the  following  acceptable  water  concentration  Is  derived; 

_ LOAEL _ -  QjL3_mgZk8_by/day  -  1.5  mg /I 

Intake/kg  bw/day  0.2  1/kg  bw/day 

This  value  is  divided  by  an  uncertainty  factor  of  5  to  bring  the  chronic  LOAEL 
into  the  range  of  an  NOEL  (EPA,  1985b)  and  5  for  Interspecific  variation,  to 
yield  an  acceptable  water  concentration  of  0-06  mg/1  (60  ppb). 

For  rats,  the  following  water  concentration  is  derived; 

_ LOAEL _  ■  D^3_BgZkg_byZday  -  2.4  mg/llter 

Intake/kg  bw/day  0.125  1/kg  bw/day 

This  value  Is  then  divided  by  an  uncertainty  factor  of  5  to  bring  the  chronic 
LOAEL  into  the  range  of  an  NOEL  (EPA,  1935b)  and  5  for  interspecific  variation, 
to  yield  an  acceptable  water  conc'.invrat  Ion  of  0.096  mg/1 
(96  ppb). 

Table  5.2-20  lists  the  water  Intake  concentrations  that  correlate  with  the  toxic 
effects  levels  in  diet  or  drinking  water  based  on  dally  water  Intake  for  each 
species  and  the  appropriate  uncertainty  factors  (see  Section  5.1).  The  lowest 
water  concentration,  0.06  ppm  (60  ppb).  Is  used  to  represent  a  "no  effects"  water 
concentration  for  mammals. 

Rats  exposed  to  100  ppm  DBG?  In  water  exhibited  renal  lesions  (HelndeJ  et  al., 
1983).  Rats  exposed  to  20  mg/kg/day  In  drinking  water  had  lower  body  weights  and 
fetal  birth  weights  than  controls  (Johnston  eL  al-,  1986):  from  an  average  water 
consumption  of  125  ml/kg/day  (Sax,  1934),  an  estimated  DBCP  concentration  of  160 
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ppm  is  obtained-  These  water  Intake  concentrations  exceed  the  recommended  level 
for  mammals  in  water  of  0-06  ppm. 


Bieds — The  oral  ID50  fot’  chickens  Is  the  lowest  value  available  for  avian 
species-  From  the  acute  value  for  chickens  and  a  surface  water  consumption  rate 
for  chickens  (Saxi  198A),  the  acceptable  water  concentration  Is  derived  as  | 

follows:  I 

_ LQAEL _ .  fiQ_!agZk2_bH/dax  -  2^0  mg /I  I 

Intake/kg  bw/day  0.251/kg  bw/day  I 

I 

Applying  an  uncertainty  factor  of  1,000  to  convert  the  ID50  3  chronic  NOEL,  i;j 

and  a  factor  of  5  for  Interspecific  variation,  yields  an  acceptable  water  p 

concentration  of  0-0^8  (^8  ppb)-  |' 


The  value  for  birds  (0.0^8  ppm)  is  lower  than  the  value  for  mammals  (0-06  ppm). 
However,  because  the  value  for  birds  was  based  on  LD50,  more  uncertainty  Is 
Involved  In  the  estimate.  The  acceptable  water  concentration  based  on  chronic 
toxicity  to  mammals  is  thus  considered  to  be  the  more  appropriate  value. 

A  DBCP  concentration  In  surface  water  of  0.06  mg/1  (60  ppb)  Is  assumed  to  be 
protective  of  all  species  consuming  water  at  RMA.  The  corresponding  sediment 
concentration,  based  on  a  of  221  and  foe  of  0.0065,  Is  0.086  ppm. 

5. 2. 3. 3  Aquaiic-Llfe 

Due  to  the  lack  of  data  regarding  aquatic  life,  water  criteria  for  the  protection 
of  aquatic  life  could  not  be  estimated  at  this  time. 

5.2.3.^  Aquatic_Ea.lhway_An3lysis 
IntrQductiQn_tQ_Aquai,ic_Bai.h-a’ay, .Analysis 

This  Pathway  Analysis  is  based  on  the  bald  eagle  sink  food  subweb  and  Includes 
all  food  chains  leading  to  the  selected  sink  species.  Because  the  same  organisms 
and  groups  of  organisms  appear  In  more  th.an  one  food  chain  throughout  the  web, 
percentage  contributions  to  the  feed  subwsb  for  each  organism  or  compartment  have 
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been  estimated  based  on  existing  literature.  The  subweb  has  been  simplified 
(e.g.i  blueglll  represent  all  fish  species  at  that  trophic  level),  because  of  the 
limited  data  available. 

The  bald  eagle  was  selected  as  the  target  species  because  of  its  federally 
endangered  status  and  because  it  represents  the  highest  trophic  level  affected  by 
the  bloaccuraulatlon  of  contaminants  through  aquatic  and  some  terrestrial  food 
chains  on  RMA.  Aquatic  organisms  are  considered  to  be  the  most  Important  links 
In  the  bald  eagle  food  web  because  they  are  constantly  exposed  to  the 
contaminants  In  their  environment  via  surface  adsorption,  absorpt Ion ,  and  uptake 
across  respiratory  membranes;  thus,  the  potential  for  bloconcentrat Ion  tends  to 
be  large. 

The  "no  effects"  level  Is  based  on  sublethal  effects  levels  obtained  from  the 
scientific  literature  and  presumes  that  If  bald  eagles  are  protected,  other 
species  will  also  be  protected.  No  safety  factors  have  been  used  In  the 
calculation  of  "no  effects"  levels- 

Methods 

Thera  ware  no  documented  values  for  BCFs  or  BAFs  available  in  the  literature- 
BCFs  estimated  from  regression  equations  from  various  sources  ranged  from  17.6  to 
53  (Table  5.2-19).  A  geometric  mean  BCF  of  31.6  was  used  In  the  Pathway  Analysis 
to  estimate  the  range  of  possible  cleanup  criteria  for  water,  soil,  and 
sediments. 

Kq(.  Is  based  on  a  measured  value  by  Sabljlc  (193',)  and  regressions  on  Kq„  and 
solubility  by  Lymar,  el  al-  (1982),  Lyman  and  Loretl  (1986),  and  Kadeg  el  al- 
(1986).  Kq(,  follows  a  lognormal  distribution  with  a  mean  of  221  and  a  standard 
deviation  of  110. 

Five  potential  food  transfer  pathways  ultimately  terminating  with  the  bald  eagle 
were  established  from  the  bald  eagle  food  subweb  as  follows: 
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fei*' 


_ Irophic-Leitel _ 

Ealhwax  Scucce _ 1 _ 2 _ _ _ 5 _ k. 


1 

H2O 

Invertebrates 

Mallard 

Bald 

Eagle 

2 

H2O 

Aquatic  Plants 

Mallard 

Bald 

Eagle 

3 

H2O 

Plankton 

Blueglll 

Pike 

Bald 

Eagle 

H2O 

Invertebrates 

Blueglll 

Pike 

Bald 

Eagle 

5 

Soil 

Terrestrial 

Plants 

Small 

Mammals 

Bald 

Eagle 

Pathways  are  developed  based  upon  biological  and  chemical  specific  parameters 
such  as  dietary  habits,  tendency  of  a  species  or  group  of  organisms  to  accumulate 
a  contaminant,  and  sensitivity  of  a  given  species  to  a  particular  contaminant. 
Because  the  data  base  for  DECP  is  limited,  there  are  fewer  pathways  than  for  a 
contaminant  with  a  detailed  data  base  such  as  dleldrin.  For  example,  for 
dleldrln,  different  types  of  Invertebrates  are  observed  to  have  different  BCFs, 
and  so  can  be  differentiated  Into  separate  pathways  by  tendency  to  accumulate 
dleldrin.  For  DBCP,  a  mean  bioconcentration  factor  is  used  to  represent  all 
organisms  due  to  lack  of  data,  so  that  separating  the  organisms  into  more  than 
the  basic  pathways  does  not  increase  the  sensitivity  of  the  analysis. 

The  mallard  (Anas  platycyDchos)  and  the  pike  (IsDX  lucius)  represent  the 
waterfowl  and  fish  fed  upon  directly  by  the  bald  eagle.  Feeding  habits  for  the 
consumer  organisms  are  presented  in  Table  5.2-21.  The  combined  food  transfer 
pathways  are  presented  in  Figure  5.2-5. 

All  pathways  (except  Pathway  Five)  originate  with  water.  The  lowest  step  in  the 
food  chain  is  assumed  to  be  in  equilibrium  with  the  aquatic  environment,  which 
gives  equation  (1); 

BCF  -  Cb/C„  (1) 

where:  -  the  concentration  of  DECP  in  biota 

C.^  •>  the  concentration  of  DECP  in  water 

This  equation  is  vital  to  the  rest  of  the  analysis.  The  end  result,  the  total 
BMF  for  the  bald  eagle,  can  be  ultimately  traced  back  through  water  to  the 
sediment,  because  it  Is  assumed  that  all  DBCP  enters  the  water  comparl:iier)t  from 
sediments  before  being  taken  up  by  the  biological  compartment:  i.e-, 

C.j  -  _ Caed__  (7) 

^oc  ^  ^oc 
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Table  5.2-21.  Summary  of  Feeding  Habits  for  DBCP  Pathways  Analysis 


Species 

Food  Items 

Percent  in  Diet 

Reference 

Mallard 

Invertebrates^ 

A  A-56 

Swanson 

El  al 

.,  1979 

Swanson 

El  al 

.  ,  1985 

Plants,  Fruits^ 

30-31 

Swanson 

El  al 

.,  1979 

Swanson 

El  al 

.,  1985 

Annelids^ 

26 

Swanson 

El  al 

.,  1979 

Bald  Eagle 

Waterfowl 

21^ 

Cash  et 

al. , 

1985 

Todd  £t 

al. , 

1982 

Fish 

66 

Cash  El 

al. , 

1985 

Mammals 

10 

Cash  el 

al.  , 

1985 

Bluegill 

Invertebrates 

88 

Mart  in 

El  al. 

,  1961 

Plankton,  Algae 

12 

Martin 

El  al. 

,  1961 

Pike 

Flsh^ 

100 

Inskip , 

1982 

1  Includes 

Crustacea,  Insecta 

,  and  Hollusca. 

2  Fruits  were  grouped  with  aquatic  plants  for  this  pathways  analysis  due 
to  the  possibility  that  DBCP  is  absorbed  by  fruit.  The  terra  "fruits" 
includes  miscellaneous  seeds  (Swanson  el  al. >  1979:  Swanson  el  al • . 
1985). 

3  These  food  items  were  not  utilized  in  the  pathways  analysis.  Annelids 
are  apparently  washed  into  aquatic  systems  (Swanson  el  al..  1979)  and 
were  not  included,  because  areas  upgradient  from  the  RMA  lakes  are 
assumed  to  be  uncontaminated. 

^  Pike  are  opportunistic  feeders  that  will  utilize  other  food  sources, 
but  are  assumed  to  prey  completely  on  fish  for  the  sake  of  the 
analysis . 


Source:  E3E,  1988. 
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or  solving  for  Cgg^j: 

^sed  "  ^  ^oc  *  ^oc 

where:  Cgg^j  -  concentration  of  DBCP  in  the  sediment 

C„  -  concentration  of  DBCP  In  water 

Kqc  «  soil-water  partition  coefficient  normalized 
for  organic  carbon 

fQg  -  fraction  of  organic  carbon 

The  method  used  in  the  Pathway  Analysis  Is  based  on  Thomann's  (1981) 
bioaccumulation  model  of  food  chain  transfer  In  aquatic  ecosystems  where  each 
level  Is  a  step  In  the  food  chain,  modified  to  address  multiple  food  chains 
leading  to  a  target  organism: 


Level 

#1 

BCFi  -  Cb/Cv, 

(1) 

Level 

#2 

BAF2  -  BCF2  ♦  f2BCFx 

(2) 

Level 

#3 

BAF3  -  SCF3  *  f3BCF2  ♦  f3f2BCFi 

(3) 

Level 

BAF^  a  BCF^  ♦  fi,BCF3  ♦  f^f3i5CF2  *  f/,f3f2BCF2 

(^) 

The  Level  el  equation  represents  the  bottom  of  the  food  chain  and  is 
technically  a  non-feeding  level  where  tissue  contaminant  concentration  is  a 
direct  function  of  water  concentration-  For  the  purposes  of  the  analysis, 
Level  #1  was  expanded  to  Include  low  trophic  level  consumer  organisms  such  as 
aquatic  macroinvertebrates.  It  was  assumed  that  bioconcentration  by  small 
organisms  would  outweigh  concentration  from  diet  to  the  extent  that 
biomagnlf Icat ion  of  residues  at  Level  »1  would  be  Insignificant- 

The  food  term  (fj^)  is  a  function  of  the  trophic  level  in  question  and  is 
calculated  by  the  following  equation: 

fi  -  (5) 

5^2 

where:  @  -  Assimilation  efficiency,  ug_absQcl)2d 

ug  ingested 

R  ”  Total  Dally  Intake,  Intake  (g)/body  weight  (g)/day 

k2  -  Depuration  or  loss  rate,  day~- 

k  a  Percent  of  Item  in  diet 
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The  assimilation  efficiency  was  approximated  from  a  study  on  metabolic  fate  In 
rats  where  over  99  percent  of  a  dose  was  absorbed  (Kato  el  al.  i  1979).  The 
assimilation  efficiency  (0)  could  not  be  obtained  for  every  animal  addressed  In 
this  analysis;  thus.  It  was  assumed  to  be  1  for  all  animals. 

The  depuration  or  loss  rate  (k2)  includes  loss  due  to  growth,  excretion,  and 
metabol Ism.  Because  rate  constants  have  not  been  measured  for  each  species  In 
this  analysis.  ^2  values  derived  from  the  literature  were  used  to  represent  all 
species . 

A  k2  value  of  ^.8/day  was  derived  by  graphical  Interpolation  of  data  according  to 
the  method  described  In  Spade  and  Hamelink  (1985).  The  data  were  provided  by  a 
study  of  pregnant  rats  (Ruddlck  and  Newsome.  1979)  using  concentrations  of  DBCP 
In  two  tissues,  adipose  and  lung,  following  oral  administration  of  25  mg/kg  D8CP 
for  10  consecutive  days-  The  loss  rate  was  calculated  from  the  time  tissue 
concentrations  reached  maximum  to  final  concentrations  at  end  of  experiment. 

This  loss  rate  was  applied  to  bird  species  due  to  the  lack  of  data  pertaining  to 
loss  rate  In  birds- 

A  duckling  pathway  was  not  constructed  for  DBCP.  The  lack  of  loss  rates  for 
birds  makes  the  analysis  highly  uncertain,  and  applying  the  loss  rate  to  growing 
birds  may  grossly  overestimate  the  potential  for  DBCP  accumulation  In  tissue- 

A  k2  value  of  3.A/day  was  provided  usli.g  a  regression  equation  correlating  k2  In 
aquatic  organisms  with  log  Kqv  (Spade  and  Hamelink,  1982),  where  log  Kq„  was 
2-29  (Jaber  £t  al-,  1989).  Since  the  regression  equation  was  for  fish.  It  was 
used  to  represent  loss  rates  for  all  fish  species  In  the  Pathway  Analysis- 

PathHajL-Aualvsls 

The  Pathway  Analysis  model  Is  applied  in  the  following  section  using  the  Input 
parameters  BCF ,  k2 ,  and  f2  described  in  Section  3.2.  The  species  specific 
dietary  habits  are  described  for  each  of  the  higher  trophic  levels- 

Eathyay_Cn2:L_H2Q_=i-Aqiiai.ic_Iai:ei:t.2brais3_=i_!iallaj:d_=j'_Ea?,la — The  BCF  ranges 
from  17.6  to  53  depending  on  the  regression  aquation  used  to  calcul.nte 
bloconccnt rat  lor. .  Invertebrates  are  at  Level  ttl  of  the  food  chain; 
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bioconcentration  is  represented  by  the  geometric  mean  BCF  derived  from  regression 
equations  In  Table  5.2-19: 


Bv.Fjj,ygj-t  ■  31 . 6  (1) 

The  food  term  (£2)  is  calculated  by  assuming  that  an  adult  mallard  weighs 
approximately  1.100  g  and  consumes  about  57.4  g  total  diet  each  day  (Miller. 
1975).  of  which  for  a  laying  female.  44  to  56  percent  of  the  diet  is 
invertebrates  other  than  annelids  (Swanson  el  al. .  1979).  Actual  quantities  of 
invertebrates  consumed  by  mallards  fluctuate  with  season,  and  sex  and  breeding 
condition  of  mallard.  Laying  females  consume  more  invertebrates,  and  are 
considered  to  be  a  sensitive  subpopulation  due  to  breeding  stress.  Because  the 
lower  end  of  the  range  for  breeding  females  (44  percent)  corresponded  closely  to 
a  geometric  mean  of  consumption  by  all  mallards  (including  males  and  non-laying 
females)  (Swanson  et  al-.  1935),  44  percent  was  used  to  represent  invertebrate 
intake  for  mallards  in  the  pathway  analysis.  The  BAF  for  a  mallard  is  calculated 
by  assuming  that  the  first  term  in  the  Level  r)2  bloaccumulat ion  equation  (2) 
equals  zero  (because  bloconccntrat ion  by  nonaquatlc  organisms  is  considered  to  be 
negligible) ; 

BAF2  -  BCF2  ♦  f2BCFi  (2) 

®AF„allard  “  f2SCfinvert 

where:  BCF2  -  0 

fn  -  l_x_152...4_g/i..lC0_gZdayl_x_441‘  -  0.0048  (5) 

4. 8/d, ay 

When  the  BCF  for  -aquatic  Invertebrates  is  31.6i  the  BAF  for  the  mallaid  1;!  015. 

An  adult  eagle  weighs  approximately  4,500  g  (Sch.ifer,  1936)  .md  consumes 
255  g  dally  (Swles.  1936),  o(  which  24  p,jrcent  of  the  diet  is  birds  (Cash  cl  al., 
1935:  Sherrod,  1973).  Fnergy  requ  1  re.m,?nt s  are  different  for  wild  birds  than 
birds  living  in  captivity,  so  these  dietary  quantities  are  only  approximate 
(Jehnkins,  1935;  Sherrod,  1936).  The  following  BAF  values  for  an  eagle  .arc 
calculated  by  assuming  th,at  the  first  two  terms  in  the  Lev,*!  *«3  bio.acctnruilat  Ion 
equation  (3)  equal  zero  ( binconcer.  t  rat  ion  by  the  mallard  ,'tnd  the  .eagle  ate  both 
negligible); 
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BAF3  -  BCF3  ♦  f3®C^2  *  f3f2SCFi  (3) 

®^^eagl«  “  ^3^22^^invert 

where:  BCF3  ♦  f3BCF2  -  0 

£3  -  Lj£_I255_?Z4x5GQ_«/dai'3_2C_24?  -  0.0023  (5) 

4.8/day 

When  the  BCF  for  aquatic  Invertcbr.ates  Is  31.6i  the  BAF  for  the  eagle  Is  0.000A2 

Eathway_IyQi._H20_r.i_Aquallc;.FIant5_=Ji..K£illard_-a_£a2le — Because  the  BCF  for  all 
aquatic  life  Is  estimated  from  a  regression  equation,  the  BCF  for  aquatic  plants 
Is  the  same  as  the  BCF  for  aquatic  Invertebrates  in  Pathway  One: 

BCFpiant  -  31-6  (1) 

To  calcul.ate  the  BAF  for  mallards,  the  food  tern  f2  remains  the  sane  as  Pathway 
One  except  for  the  percent  of  the  food  Item  In  the  diet.  Laying  female  oal  lards 
consume  30  to  31  percent  plants  and  fruits  or  seeds,  although  actual  araounts 
fluctuate  with  season.  Using  equations  (2)  and  (5); 

BAF2  -  BCr2  «  fpBCFi  (2) 

^''^^mallard  “  f23CKpiflnt 

wh^ro:  BCF2  "  9 

f2  -  l-.x_f57xa.£/1.100.  g/dayl..x  JD'?  -  0  0033  (5) 

A  .a/d.)'/ 

When  the  KCF  for  aquatic  plants  Is  3!  <,,  the  BAF  for  mallard  Is  O  lO. 

The  fo'id  tarn  for  the  consu-apt  Ion  of  mallards  t,y  the  eagle.  f3,  reri^attls  th,*  sama 
ns  the  Pat  hway  One  equ.atlon.  The  BAF  Is  calculated  using  equations  (3)  ,and  (S); 

BAFq  »  liCF3  ♦  f’SC:’;  •  fjftBCFj  (3) 

SAr„,,,,j^  •  f  af  a  At,  ,■  p  j  pj 
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vhere;  BCF3  and  f3SCF2  -  0 

£3  -  l_2_II55_2i4-.5QQ_gZday.'>_x_2A<  -  0.0023  (5) 

A .8/day 

When  the  BCF  for  aquatic  plants  Is  31. 61  the  BAF  for  eagle  is  0.00029. 

Eathyay_Ihr22.t_H2Q_=a._21aa}Ltcn_=i_Blufigili_=i_£ika_=i_Eagla— Pathways  leading  to 
the  bald  eagle  via  fish  arc  o>ore  complex  because  bloconcentrat Ion  occurs  at  each 
trophic  level,  not  only  at  the  lowest  trophic  level.  This  introduces  a  fourth 
factor  into  the  EAF  equation,  and  the  eagle  Is  at  Level  Instead  of  Level  i»3. 
The  geometric  oean  froa  the  regression  equations  In  Table  5.2-19  was  used  to 
represent  bloconcentratlon  as  In  the  previous  pathways: 

®^^plankton  *•31-6  (1) 

The  yCF  for  the  blueglll  (Lepoials  joactochicua)  Is  from  the  same  set  of  regression 
equ.it  iv^nc: 


BC^’blueglll  -  31-6  (1) 

It  Is  assumed  that  blueglll  consume  a  dietary  Intake  equal  to  3  percent  of  their 
body  weight  dally  (Chadwick  and  Brocksen,  1969):  the  total  dally  Intake  term  Is 
then  a  ratio  of  0-03  regardless  of  blueglll  body  weight.  Various  algal  forms 
account  for  approximately  12  percent  of  the  bluegllls'  diet  (Martin  gL  ai., 
1961);  this  value  was  used  for  the  percent  of  plankton  In  the  blueglll  diet. 
Using  equations  (2)  and  (5); 

BAF2  -  BCF2  »  f25CF]  (2) 

®*^blueglll  *  ®^^blueglll  *  ^2®*”^plankton 

whc;rfi;  f2  •  i_s_IQ,.D3/dayl_x_12?  -  O-OOll  (5) 

3.k/d.ay 

The  BCF  for  the  pike  Is  from  the  s.ante  set  of  regression  equations  .s;;  blueglll 
(Table  5.2-19); 

-  31.6  (1) 
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It  Is  asstinsed  that  pika  also  consurae  a  dietary  Intaka  equal  to  3  percent  of  their 
body  weight  dally  (Chadwick  and  Brockseni  1969);  the  total  dally  Intake  term  Is 
then  a  ratio  of  0.03  regardless  of  pike  body  weight,  or  the  same  ratio  as  for 
blueglll.  It  is  assumed  that  pikas  feed  entirely  on  bluegllls  for  the  sake  of 
this  analysis.  Using  equations  (3)  and  (5): 

BAF3  -  BCF3  ♦  f3BCF2  ♦  f3f2BCFji  (3) 

®'^^plke  “  ®^^plke  ■*  ^3®^^blueglll  *  ^3^2®"^plankton 

where;  £3  -  l_x_llQ^Q3Zdayl_2_lQQ)«  -  0.0083  ■  (5) 

3.  A/day 

The  eagle  food  term  (f^)  was  based  on  a  A, 500  g  eagle  consuming  255  g  food  dally, 
of  which  66  percent  of  the  diet  Is  fish  (Cash  ct  ai.,  1935).  The  first  tern  of 
the  Level  wA  equation  equals  zero-  Using  equations  (A)  and  (5): 

BAF^  -  BCF^,  ♦  fi,f3SCF2  ♦  f^,f3f2BCFl  (A) 

®Afeagle  “  ^AB^Fpiku  ♦  ^A^ 3®CFbiuegiii  ♦  fAf3f2®CFpiankton 

where;  BCF^,  •  0 

f^  -  l_i:_I255_gZ4^500_g/d3/l_x.663  -  0.0078  (5) 

A . 8/day 

When  the  BCF  for  plankton  Is  31.6.  the  BAF  values  for  blueglll  and  pike  are  31.6 
and  31-9,  respectively  The  BAF  for  eagle  Is  0.25. 


Ealhway_FQUti_il2Q-- i-AquaLlc_Invcrtebc3lej_-3_Biuejlll_=i_£ilte, i_£3glc--The  range 
of  values  used  to  represent  bloconcent rat  Ion  In  aquatic  Invertebrates  Is  the  safne 
ns  the  prevloiis  pathways; 

BC^lnvert  -  31. 6  (1) 

The  range  of  values  used  to  represent  bl oconcent ra t Ion  for  blueglll  Is  the  sam.? 
a.s  the  previous  patlrways; 

®‘“"biuegni  "  31.6  (i) 

It  Is  .ass’jr.;"-!  th.it  blueglll  consume  n  dietary  Intake  equal  to  3  pe.rcenf  of  their 
body  weight  dally  (Chadwick  .and  Brockser,,  1969);  the  total  d.atly  Intake  tpr:n  1  ;3 
then  a  ratio  of  0.03  reg,irdles3  of  blueglll  body  weight.  Inver  t  >»bra  I  c  s  .are 
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believed  to  account  for  88  percent  of  the  bluogllls  diet  (Martin  et  al-.  1961). 
Using  equations  (2)  end  (5): 

BAF2  -  BCF2  •  f2BCFi  (2) 

BAFjjiuegiii  "  ®^^blucglll  *  ^2BCFinvert 

where:  f2  -  l_z_IQa.Q32daj:l_x_aai  -  0.0078  (5) 

3.  A/day 

The  BCF  for  the  pike  was  also  assumed  to  be  represented  by  the  geometric  mean  of 
the  regression  equations  In  Table  5.2-19: 

BCFpike  -  31-6  (1) 

It  Is  assumed  that  pike  also  consume  a  dietary  Intake  equal  to  3  percent  of  their 
body  weight  dally  (Chadwick  and  Brocksen,  1969);  the  total  dally  Intake  term  Is 
then  a  ratio  of  0.03  regardless  of  pike  body  weight,  or  the  same  ratio  observed 
in  blueglll.  It  Is  assumed  that  pikes  feed  entirely  on  bluegills  for  the  sake  of 
this  analysis.  Using  equations  (3)  and  (5): 

BAF3  -  ECF3  ♦  f33CF2  ♦  f3f28CF3  (3) 

®*fplke  -  ECFpl|^g  »  f3SCFi>iuegiu  .  f 3^ 2®C‘'lnvert 

where:  13  «  i_x_fQi03Zdayl_a;_10QB  -  0.0083  (5) 

3.  A/day 

The  eagle  food  torn  (fi,)  was  based  on  a  A, 500  g  eagle  consuming  255  g  food  d-ally, 

of  which  66  percent  of  the  diet  Is  fish  (Cash  eL  al-,  1905).  The 

first  term  of  the  Level  <*A  equation  equals  zero-  Using  equations  (A)  and  (5): 

3AF,,  -  BCF,,  -  f/,f3BCF2  ♦  f,,f3f2BCFi  (A) 

^''^o.tgle  “  ^A^CFpj^g  ♦  f<,f  3BCF^J3^J^gJ  j  j  ♦  f 4 f  3! 2 BCF [ ^  j 

where:  BCF^,  -  0 

fi,  -  l_3_1252_sZix50Q_gZdayl_x_6fc’'  -  0.0078  (  5) 

A . 8 /day 
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When  the  BCF  for  aquatic  Invertebrates  Is  31-6,  the  BAF  values  for  blueglll 
and  pike  are  31-8  and  31-9,  respectively-  The  BA?  for  eagle  Is  0-25- 

S2Sulls_and_I!isi:ii3siDn 

BAF  values  as  derl  »d  for  the  Individual  pathways  (Table  5-2-22)  represent 
accuiBulat Ion  In  se  arate  single  food  chains-  To  derive  overall  accumulation 
In  the  entire  food  web.  variations  of  the  following  equation  are  used: 

BHFi  -  BCFi  ♦  fiBAFi_i 

For  each  of  the  major  trophic  levels  In  the  aquatic  Pathway  Analysis,  total 
bloir.agnl f  lea t  Ion  Is  presented  In  Table  S-2-23- 

The  total  BMF  was  not  rounded  to  the  nearest  whole  number  due  to  the  low 
values  observed.  Total  BMF  can  be  used  to  determine  maximum  allowable 
levels  of  D3CP  In  sediments  and  soils  by  relating  sediment  concentration  to 
a  MATC  as  follows  (Tucker.  1986): 

__MAIC _  -  C.^  (<>) 

Total  BMF 

and . 

^sed  "  ^w  ^  ^oc  ^  ^oc 

where:  K^j.  -  221  (Sablijlc.  198A :  Lyman  st  ai-.  1932:  Lyman  and  Lorotl, 

1936:  Kadeg  at  ai- .  1936) 

fgc  -  0-0065  (E3ASC0,  1988) 

The  MATC  Is  obtslned  by  examining  the  lltcratu-e  for  the  lowest  tissue 
concentration  which  results  In  sublethal  or  lethal  toxic  effects: 


s?"ci3a 

IISSUF 

_ P2M _ 

_ ZFEiCI 

— 

_ S0USCE__ 

Rat 

ad  Ipose 

0-17.0.071 

decreased  fetal 
maternal  weight 

and 

gain 

Ruddlck  and 
Newsome.  19 

3e,;a'.n::  max  1 ’•.u.m  DTC?  accumulation  occurr-cd  In  adipose  tissue,  and  residues 
r  ema  I  n-’-j  at  t't  hr  post -t  rea  t  ment  (the  time  of  the  ne:<t  dosing),  adipose  was 
used  as  the  rof-crance  tissue-  In  the  Ruddlck  and  Newsome  (1979)  study. 
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Table  5.2-22. 

Suiamary  of  Bloaccumulatlon  Factors 
in  the  DEC?  Pathways  Analysis 

for  each  Species 

_BiQaccum'ilatiQn_ 

Factors 

Blueglll 

Pike 

Mallard 

Mammal 

Eagle 

Pathway  1 

— 

— 

0.15 

— 

0.00042 

Pathway  2 

— 

— 

0.10 

— 

0.00029 

Pathway  3 

31.6 

31.9 

— 

— 

0.25 

Pathway  4 

31.8 

31.9 

— 

— 

0.25 

Pathway  5 

_ 

_ 

0.0032 

l.OxlO-"^ 

^MA-09fi/BrORI?Tyr273Tr 
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Table  5.2-23-  Total  Biomagnification  of  DBCP  Residues  for  each  of  the 
Key  Organisms  in  the  Aquatic  Pathways  Analysis- 


Organism 

Level 

Equation 

BHF 

Mallard 

#2 

rf2BCFi 

0-25 

Blueglll 

#2 

BCF2  ♦  If2BCFi 

31-88 

Pike 

#3 

ECF3  ♦  fs^^^bluegill 

31-88 

Eagle 

#3i  #A 

fi,BMFpike  ♦  f3®*^^mallard 

♦  BMFjgj.j.g5t  j. 

0-25 

Source : 

ESE,  1988- 
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toxic  effects  occurred  following  10  consecutive  dally  doses  with  25  mg/kg 
DBCP,  at  which  time  tissues  were  analyzed  for  residues-  Data  regarding 
tissue  residues  were  unavailable  for  avian  or  mammalian  wildlife  species  in 
the  literature  surveyed. 

The  lowest  tissue  concentration  at  which  toxic  effects  are  observed  was 
divided  by  the  EMF  for  eagle  from  Table  5.2-23i  then  corrected  with  and 
f Q(. ;  thusi  giving  the  sediment  concentration  at  which  no  effects  to  higher 
trophic  levels  are  likely  to  occur- 

Using  equations  (6)  and  (8)  to  obtain  the  "no  effects"  level  of  DBCP  in 
water  and  sediments  for  eagle  based  on  accumulation  from  the  abiotic 
environment  and  transfer  through  the  food  web: 

_ MAIC _  -  Cy  -  _Qil2_ppni  -  0-68  ppm  (6) 

Total  BMF  0.25 

^sed  "  ^w  ^  X  f^jg  -  0-68  ppm  x  221  x  0-0065  »  0.98  ppm  (8) 

The  acceptable  water  concentrations  derived  by  the  Pathway  Analysis  for  the 
bald  eagle  are  higher  than  those  derived  based  on  water  consumption  only 
(0-06  ppm).  Thereforei  the  surface  water  pathway  represents  the  best 
estimate  of  an  acceptable  water  concent  ra  t  io>'.  for  DBCP,  with  a  corresponding 
sediment  concentration,  calculated  using  and  as  above,  of  0-086  ppm- 

Due  to  the  high  loss  rate  of  DBCP  from  tissues,  accumulation  within  a  food 
chain  does  not  appear  to  be  a  problem  to  high  level  predators-  BCFs  than 
than  100  indicate  concentration  of  residues  (ASTM,  1985),  and  EMFs  less  than 
1  indicate  actual  reduction  of  residues  with  increasing  trophic  levels. 

Although  evidence  does  not  suggest  food  chain  accumulation  of  DBCP,  toxic 
effects  could  occur  if  food  items  contained  high  concentrations  of  DBCP- 
Rats  expo-sed  to  0-3  mg/kg  bw/day  DBCP  in  diet  exhibited  carcinogenic  effects 
(Hazelton  Laboratories,  1978).  This  is  roughly  equivalent  to  a  total  dally 
dietary  dose  of  1-35  mg  for  a  A • 5  kg  eagle.  If  the  eagle  consumes  0-255  kg 
of  diet  (253  g  dlet/day),  the  dietary  concentration  becomes  1-35  m,g/0-255  kg 
diet,  or  5-3  ppra-  .'’Ince  this  Is  a  chronic  LOAEL,  it  should  be  reduced  by  an 
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uncertainty  factor  of  5  to  bring  the  chronic  LOAEL  Into  the  range  of  a 
chronic  NOEL,  and  an  uncertainty  factor  of  5  for  interspecific  varlatlon- 
For  the  protection  of  eagles  at  RMA,  food  Items  such  as  prairie  dogs  should 
not  contain  concentrations  of  DBCP  exceeding  0.212  ppm. 

5 . 2 . 3  •  3  X£ix££lLrLLaiJPAliwA7_Ai^^ 
InlEQductiQn_l:D_Ifirt2i£t.tial_Palhway_Analysls 

This  analysis  was  performed  to  determine  cleanup  criteria  for  DBCP  In  a 
terrestrial  based  food  web  (soil-biota)  pathway.  The  approach  used  for  the 
terrestrial  pathway  analysis  arrives  at  a  "no  effects"  level  in  soil  of 
terrestrial  ecosystems  on  R.MA  by  assuming  that  soils  are  a  source  of  DBCP 
contamlnat ion- 

tiethads_for_IeEEestrial_Eathyay_Ana.lysis==_Eald_£asle_EciQd_HEb 
The  terrestrial  based  food  chain  In  the  bald  eagle  food  web  was  analyzed  to 
determine  concentration  of  DBCP  from  soil  to  the  target  organism-  The  total 
BMF  for  the  terrestrial  food  chain  was  used  to  derive  a  soil  criterion  for 
DBCP. 


'  £athyay_Eiyei._SQil_=a_IeEEestEial_£lants_=>._hJacmals_=i_EaslE — DBCP  has  been 
observed  to  accumulate  in  some  root  crops  (Newsome  El  al- ,  1977).  In  other 
crops,  increased  inorganic  bromide  residues  were  observed,  but  not  residues 
of  the  parent  compound  or  organic  metabolites  (Castro  and  Schmitt,  1962:' 
Beckman  and  Bevenue ,  1963;  Guinn  and  Potter,  1962). 

The  ratio  of  DBCP  In  plant  tissue  as  compared  to  soil,  the  EMF,  Is  estimated 
from  Newsome  si  al •  (1977)  where  highest  residues  were  observed  in  carrot 
tops  7  weeks  after  seeding  ( EMF  «  1-8),  and  lowest  residues  were  observed  In 
carrot  tops  16  weeks  after  seeding  (EMF  -  0-036).  Only  data  for  DBCP 
treatment  at  time  of  seeding  were  used,  because  It  was  assumed  that  this 
would  be  more  representat  Ive  of  exposure  at  RMA.  Concentration  factors  In 
roots  and  foliage  of  carrot  and  radishes  were  averaged  over  time  for  two 
crop  types,  to  obtain  one  value  each  for  root  and  foliage  for  each  crop- 
These  four  values  were  then  averaged  to  obtain  a  geometric  mean 
representative  of  concentration  In  plants  over  the  duration  of  a  growing 
season  (Table  5-2-2^); 
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Table  5-2-2A.  Concentration  Factors  Over  Time  for  Carrot  and  Radish 
Crops  When  DECP  Was  Applied  To  Soil  at  Seeding 


CAEEQl 

EDQI 

IDE 

Week  7 

1.A3 

1.80 

8 

1.23 

0.AA3 

9 

0.615 

0.183 

10 

0.178 

0.032 

11 

0.8A8 

0.197 

12 

0.276 

0.099 

13 

0.278 

O.lAl 

lA 

0.12A 

0.112 

15 

0.0A7 

0.019 

16 

0.076 

0.036 

Geometric  Mean 

0.298 

0.126 

RADISH 

EOQI 

IQE 

Week  A 

0.850 

0.390 

5 

0.357 

0.053 

6 

0.818 

O.AAA 

7 

1.A9 

0.388 

Geometric  Mean 

0.780 

0.2AA 

Concentration  Factor  -  _Cb _ 

^soil 


Source:  Newsome  el  al-j  1977. 
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EMJ^plant  -  — Cb_  -  0-29  (10) 

Csoll 

where:  Cg  -  the  concentration  of  DBCP  in  biota 

Cgoll  “  ths  concentration  of  DBCP  In  soil 

No  studies  were  found  In  the  literature  surveyed  where  dietary  levels  of 
DBCP  were  compared  to  tissue  residues  in  animals-  It  is  assumed  for  the 
purposes  of  the  analysis  that  uptake  following  exposure  In  diet  will 
resemble  uptake  following  oral  gavage-  One  study  (Ruddlck  and  Newsome, 

1979)  presented  data  for  various  tissue  residues  In  rats  following  dally 
dosing  by  oral  gavage.  At  6  hr  after  dosing  with  25  mg/kg,  residues  in 
adipose  tissue  reached  a  maximum  of  5-38  ♦  0-^1  ppm  standard  error  (SB),  or 
a  maxlnium  concentration  ratio  of  0-22-  At  2^  hr  post-treatment,  residue 
levels  In  fat  had  decreased  to  0-17  z  SE  0-071  ppm,  or  a  concentration  ratio 
of  0-0068-  Only  the  2^-hr  value  was  used  in  calculating  the  mean,  because 
residues  were  decreasing  rapidly  at  the  other  times,  and  dosing  occurred  at 
2^-hr  intervals,  so  that  this  point  approximates  equilibrium  with  daily 
exposures  - 

Kenaga  (1980)  presents  regression  equations  derived  from  observations  with 
various  organic  chemicals  correlating  magnification  from  diet  with  log  Kq^ 
or  log  S : 

log  BMF  -  (-l.ii76  -  0-^95  log  S);  r^  »  -0-32 

log  BMF  -  (-3.<i57  ♦  0-500  log  K^y):  r^  .  0-79  (9) 

where:  S  -  1,230  mg/L 
log  »  2-29 

Using  these  equations,  the  blomagnl f lea t Ion  estimate  ranges  from  0-00099 
(based  on  log  S)  to  0-0099  (based  on  log  Kq„) -  A  geometric  mean  value  based 
on  the  concentration  factors  0-00099,  0-0099,  and  0-0063  (N  -  3)  was  used  to 
represent  blomagnl  f.i  ca  t  Ion  in  small  mammals,  or  a  BHF  of  0-0032-  It  is 
assumed  that  this  BMF  V7lll  account  for  instances  when  a  small  mammal  Is 
consumed  by  a  predator  within  a  short  time  of  a  DBCP  exposure-  Actual 
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magnification  of  residues  from  diet  may  differ.  A  BMF  of  0.0032  was  also 
used  to  represent  blomagnlf Icatlon  by  eaglet  as  no  pertinent  data  were 
available  In  the  literature. 

The  terrestrial  pathway  is  thus; 

0.29  X  0.0032  X  0.0032  -  Total  BMF  -  3.0  x  IQ-^ 

soil  ->  plants  ->  mammals  ->  eagle 

Multiplying  the  concentration  factors  at  each  trophic  level  results  in  a 
total  Bf‘:F  for  the  terrestrial  food  chain.  The  total  BMF  for  the  eagle’ based 
on  consumption  of  contaminated  plants  by  small  mammals  Is  3.0  x  10"^.  The 
consumption  of  small  mammals  makes  up  10  percent  of  the  eagles  diet; 
therefore,  the  contribution  from  the  terrestrial  pathway  Is  10  percent  of 
3.0  X  10-6,  or  3.0  X  10-'^. 

Because  blomagnlf icat Ion  in  the  terrestrial  food  chain  of  the  bald  eagle 
food  web  is  less  than  1,  a  terrestrial  food  web,  based  on  the  American 
kestrel  as  the  top  carnivore,  will  not  be  constructed  for  DBCP. 

Eesults_and_DiscussiQa 

For  the  single  terrestrial  pathway  in  the  aquatic  based  food  web,  the  MATC 
is  divided  by  the  BMF  to  arrive  directly  at  the  "no  effects”  soli  level  as 
follovrs; 

_ MATE _  -  ^soil  ”  Qil2_ppa) _ -  570,000  ppm  (6) 

Total  BMF  3.0  x  lO”"^ 

Observed  winter  feeding  behavior  by  eagles  at  RMA  indicates  that  Pathway  5 
forms  more  than  10  percent  of  the  diet.  Approximately  90  percent  of  the 
eagles'  diet  at  RMA  Is  composed  of  small  mammals,  such  that  the  total  BMF 
for  Pathway  5  Is  90  percent  of  3-0  x  lO'^,  or  2.7  x  lO'^.  The  "no  effects" 
soil  level  bet  ores: 

_ MAIC _  »  _Q^12_ppiB_  ”  63,000  ppm  (6) 

Total  BMF  2.7  x  10-6 
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Because  DBCP  does  not  tend  to  bioaccumulate,  very  high  levels  In  the  abiotic 
environment  may  not  produce  adverse  biological  effects  when  considering 
toxicity  due  to  food  chain  transfer  of  residues.  For  this  reason,  the 
pathways  approach  Is  not  the  appropriate  method  for  use  to  establish  soil 
criteria  for  DBCP.  At  these  levels  of  DBCP  In  soli,  the  soli  faunal 
community  would  be  devastated,  thereby  resulting  In  severe  food  chain 
disruptions-  Because  soli  toxicity  to  plants  was  unavailable,  a  suggested 
criteria  based  on  levels  applied  for  Invertebrate  pest  control  is 
recommended  as  a  criterion  soil  level  for  DBCP-  The  lowest  level  of  DBCP 
applied  to  soil  for  pest  control  In  the  available  literature  was  12.26’ 
Ib/acre  (Newsome  ct  al-,  1977).  Using  a  conversion  factor  of  2  million  lb 
soll/6  Inch  acre  (Korschgen,  1970),  a  maximum  soil  concentration  of  6-10  ppm 
Is  derived. 

The  soil  criterion  can  also  be  used  to  predict  toxicity  to  small  mammals 
exposed  to  contaminants  from  Ingesting  contaminated  soil-  An  exposure  rate 
as  a  function  of  the  acceptable  soli  criteria  can  be  estimated  from  the  soli 
criterion  and  the  soli  Ingestion  rate  for  small  mammals  as  follows: 

Soil  Criterion  x  Soli  Ingestion  Rata  -  Dally  Exposure 

6-13  mg/kg  soli  X  0-000873  kg  soll/kg  bw/day  -  0-005^1  mg/kg  bw/day 

The  exposure  rate  based  on  a  soil  criterion  of  6-13  mg/kg  soil  Is  two  orders 
of  magnitude  lower  than  the  observed  chronic  LOAEL  for  small  mammals,  and 
therefore  direct  toxic  effects  are  not  expected  at  the  criterion  level  of 
6.13  mg/kg  In  soli.  The  dally  uptake  of  DBCP  from  Ingesting  soli  represents 
a  conservative  estimate  as  an  assimilation  efficiency  of  100  percent  is 
assumed • 

5. 2. 3- 6  Uncectaiciy-Analysis 

In  the  uncertainty  analysis,  all  of  the  intake  rates  (R  values)  and  percent 
of  Items  In  diet  are  treated  as  triangular  distributions  where  the  minima 
and  maxima  are  known  and  a  best  estimate  within  that  range  has  been 
determined-  Using  the  triangular  distribution  as  Input,  the  best  estimate 
will  be  more  likely  than  values  near  either  end  of  the  range-  Methodology 
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for  the  uncertainty  analysis  Is  described  in  detail  In  the  forthcoming 
Offpost  Endangeraant  Asses.'^ment .  Diets  of  each  link  on  the  sink  food  web 
are  suE®ari2ed  In  Table  5.2-25- 

Several  assumptions  were  made  In  order  to  conduct  the  analysis: 

o  The  diet  of  the  target  organism,  the  bald  eagle,  Is  supplied  only 
by  the  aquatic  food  chain,  with  ducks  and  pike  the  representat iv, 
prey  organisms;  and 

o  Absorption,  or  assimilation,  of  Ingested  DBCP  Is  assumed  to  be 
100  percent. 

Uncertainty  In  depuration  rates  could  be  estimated  only  after  additional 
research  and  Investigation  of  the  literature  and  reports  of  other  organic 
chemicals  on  RMA.  An  Independent  statlstlc.al  analysis  of  the  reliability  of 
the  Spade  and  Hanellnk  (1982)  correlation  of  log  k2  "ith  log  Kqv,  was 
performed.  The  Spade  and  Hamellnk  equation  was  used  to  estimate  depuration 
In  aquatic  organisms,  and  has  a  standard  error  In  prediction  of  logjo  k2  cf 
0.19  log  units,  assuming  log  Is  known  precisely.  However,  log  is 
based  on  estimates  u.slng  the  fragment  constant  method,  where  the  most 
reliable  available  estimate  Is  2.29  (Jaber  et.  ai • .  1934),  which  Is  used  In 
t  le  Supcrfund  Public  Health  Evaluation  Manual.  According  to  data  presented 
by  Lyman  et  al.  (1982),  standard  error  of  the  fragment  constant  method  Is 
approximately  0.24  logj^Q  units.  Applying  standard  techniques  for 
propagation  of  error  through  a  series  of  calculat  Ions ,  It  was  determined 
that  ky  (depuration  rate)  for  D2CP  In  aquatic  biota  follows  -i  lognorn.al 
distribution  with  a  mean  of  3-4  day"^  and  a  standard  deviation  of  1.2  day"^. 

i he  ky  for  rats  v4.3  day  ^)  Is  a  measured  value,  and  was  used  to  represent 
the  loss  rate  In  birds-  Ho  data  exist  for  birds,  and  It  was  .assumed  that 
loss  In  maranals  more  clearly  represents  loss  iti  birds  than  would  appllcr.t  Ion 
of  the  Spade  and  Hrmellnk  equation  based  on  fish.  Therefore,  the  best 
estimate  of  loss  in  birds  Is  4-8  day"^ .  A  triangular  distribution  is 
proposed  relying  on  the  standard  dcvl.atlon  developed  above.  1-2  dayl. 

Using  the  irean  developed  for  the  aquatic  pathways  (I.-',  day-'^)  to  calculate 
the  low  end  of  the  range  yields  a  larger  uncertainly,  arud  since  the  loss 
rate  is  for  mammals  as  opposed  to  birds  the  estimate  Is  considered  sooewhat 
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Table  5.2-25.  Dietary  Input  Factors,  D3C?  Pathways  Analysis 
R  -  Total  Dietary  Intake  (day)"^ 


Hlnlmuia 

Best 

Estimate 

Maximum 

Eagle 

0.51 

0.57 

0.76 

Mallard 

0.A5 

0.52 

0.93 

Pike 

0.01 

0.03 

0.05 

Blueglll 

0.01 

0.03 

0.05 

Percent  of  Item  in  Diet 

Eagle/Mallard 

lA 

28 

A2 

Eagle/Plke 

58 

72 

86 

Mai lard /Invertebrates 

AO 

58 

75 

Ma  Hard  /  Aqua  1 1  c  Plants 

2r) 

A2 

60 

Blueglll /Plankton 

6 

12 

18 

Blueglll/Invertobrate.s 

82 

88 

9A 

Source:  E3E.  1988. 
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uncertain.  This  yields  a  range  of  2.2  (3.4  -  1.2)  to  6.0  (4.8  ♦  1.2)  for 
t estlEsate  of  loss  rate  In  birds. 

For  BCF.  a  lognormal  distribution  with  a  mean  of  25  and  a  standard  deviation 
of  10  was  applied.  This  Is  based  on  the  measured  solubility  of  li230  mg/1 
(5i210  uffiol/1),  the  previously  reported  log  and  regressions  presented 

by  Davies  and  Dobbs  (1934)  i  Lyman  el,  al*  (1982),  and  Oliver  and  Nllml 
(1933).  Other  sources  prior  to  1982  were  considered  to  be  superceded  by  the 
Lyman  el  al.  (1982)  crltlcel  review  of  the  prior  literature- 

Kqj.  Is  based  on  a  measured  value  by  Sabljlc  (1984)  and  regressions  on 
and  solubility  by  Lyman  el  al-  (1932),  Lyman  and  Loretl  (1986),  and  Kadeg  el 
al-  (1986).  Kqj,  follows  a  lognormal  distribution  with  a  mean  of  221  and  a 
standard  deviation  of  110- 

Organic  carbon  content  of  the  sediment  of  the  RhiA  lakes  Is  a  measured  value 
(EBASCO,  1938).  In  the  upper  1  foot  (ft)  of  sediment,  organic  carbon 
appears  to  follow  a  lognormal  distribution  with  a  mean  of  0-65  percent  and  a 
standard  deviation  of  0-62  percent. 

The  median  estimate  of  BMF  from  the  uncertainty  an.alysls  Is  0.253-  There  Is 
a  5  percent  chance  that  the  eagie  EMF  Is  as  high  as  0-653  or  as  low  os 
0-097.  The  best  estimate  of  the  water  concentration  that  would  not  produce 
adverse  biological  effects  Is  583  ppb,  with  upper  and  lower  bounds  of  1,942 
and  212  ppb,  respectively.  The  best  estimate  of  the  sediment  concentration 
th.at  would  not  result  In  tissue  levels  related  to  adverse  biological  effects 
is  665  ppb,  with  upper  and  lower  bfjunrfs  (95  percent  confidence  interval)  of 
3,539  end  125  ppb,  respec t 1 vel y - 

To  perform  the  uncertainty  analysis  for  the  terrestrial  component  of  the 
ac’j.atlc  P.athway  Analy_>;ls.  tt!e  following  .assumptions  wer-e  made: 

o  The  dl'*t  of  the  target  org.anlsm,  the  bald  engie,  is  nuepilej  only 
by  the  terrestrl.al  food  ch.il:\,  with  .small  mammals  the 
representative  prey  specle.s;  and 

The  uptake  pararieler.s  (KAF-;)  fcll-3w  a  lognormal  d  1  ,s  t  r  1  but  Ion  - 
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For  plant  uptaJcsi  a  best  estimate  of  the  EMF  was  a  lognormal  distribution 
with  a  mean  of  0.137i  SD  0.124.  For  uptake  by  manmalsi  the  three 
Information  sources  ware  weighted  according  to  the  precision  of  the  data 
(Beersi  1953),  such  that  observed  values  (Ruddick  and  Newsome,  1979)  were 
weighted  higher  than  values  from  regression  equations  with  low  r^  values 
(Kenaga,  1980).  For  mamaal  uptake  from  diet,  the  best  estimate  of  the  BAF 
was  a  lognormal  distribution  with  a  mean  of  0-0062  ♦.  0-0023  SD- 

The  best  estimate  of  the  tot-i  BHF  for  bald  eagle  terrestrial  food  chain, 
based  on  the  uncertainty  analysis.  Is  3-0  x  10"^.  The  95  percent  confidence 
Interval  has  lower  and  upper  bounds  of  6-5  x  10~^  and  1-4  x  10”^,  making  the 
best  estimate  good  to  approximately  one  order  of  magnitude.  The  best 
estimate  of  the  soli  criteria  Is  57,000  ppm,  with  lower  and  upper  bounds  of 
10,800  and  300,000,  respectively. 

5- 2 -3. 7  3utflaary_aDd_ConclusiQns 

DECP  does  not  bioaccumulate  from  the  soil  or  water  environment  to  biota  to 
any  significant  extent.  Blomagnlf lent  ton  of  DBCP  within  a  food  chain  does 
not  appear  to  be  a  problem. 

At  this  tl.me,  no  relevant  criteria  exist  for  D5CP  with  respect  to  wildlife, 
and  EPA  water  criteria  have  not  been  developed  for  protection  of  aquatic 
life.  The  "no  effects"  water  and  sediment  concentrations  ba.sed  on  the 
P.ithw.ay  Analysis  are  0.63  ppm  (6.S0  ppb)  and  0.93  ppm,  respectively.  The  "no 
effects"  level  in  soil  derived  by  the  Pathw.ay  An.ilysls  Is  63,000  ppm  b.a.5ed 
on  ob.served  feeding  behavior  by  eaglt^s  at  P.MA;  however,  a  better  estimate  Is 
derived  by  using  the  lowest  level  applied  for  Invertebrate  pest  control 
(6.10  ppm) . 

Surf.ace  w.atsr  Ingestion  provides  a  lower  estlm.ate  of  an  acceptable  water 
concentration  (0.06  ppm,  with  correspon.f  1 ng  sediment  concentrations  of  0.036 
ppm)  than  th.at  deTermlred  by  the  T.athway  Analysis-  Therefore,  .acceptable 

v. ater  concentrations  skoul-d  b-j  b-ased  on  estlm.'.tes  of  toxicity  f roai  surface 

w. a  t  er  constnnpt.  |,on  . 
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A  suiimary  of  the  site-specific  criteria  is  as  follows: 


Method 

Water 

(ppb) 

Sediment 

(ppm) 

Soil 

(ppffl) 

Aquatic  Life 

NA 

NA 

NA 

Aquatic  Pathways 

Analysis 

680 

0.98 

NA 

Water  Ingestion 

60 

0.086 

NA 

Terrestrial  Pathways 

Analysis — Eagle 

KA 

NA 

NA 

Toxicity  to  Soil 

Fauna 

NA 

NA 

6.10 

5.2.^  PATHWAY  A.^ALYSIS  FOR  ENDRIM/ISODRIN 

5  •  2 .  <1 . 1  Background-Icf  oroatioa 

While  Iscdrln  and  cndrin  are  less  stable  In  the  environment  than  their 
isomers  aldrln  and  dieldrln  (Kntsumura»  1930).  they  are  persistent  compounds 
and  are  slow  to  biodegrade  EPA  (1937c).  Endrln  has  the  potential  to 
bioaccumulate  (EPA.  1987c).  Values  obtained  for  endrln  using  the  Pathway 
Analysis  approach  were  also  assumed  to  represent  Its  Isomer.  Isodrln. 
because  Isodrln  converts  to  endrln  under  biological  conditions,  and  the 
toxicity  of  both  chemicals  Is  similar  (Matsumura.  1980). 

lDJ!icity_of_£ndxl.a_ 

Endrln  is  highly  toxic  to  organisms  In  both  aquatic  and  terrestrial 
ecosystems-  The  ambient  water  quality  criteria  for  protection  of  aquatic 
life  for  endrln  are  0-0023  ppb  as  a  29-hr  average  and  0-18  ppb  as  a  maximum 
concentration  (EPA.  1930c'.  EPA.  193&d).  Toxic  effects  are  possible  through 
food  ch.aln  contamination  (StlcJcel  et  al-.  1979).  The  EPA  w-ater  quality 
criterion  of  0-0023  ppb  Is  based  on  a  Final  Residue  Value  calculated  with 
human  guidelines  and  so  Is  not  considered  appropriate  to  this  analysis- 

.Aquatic;_£laDt3--Tox  ic  effects  have  been  observed  In  green  algae  ( Sccccdesaus 
quadricauda  and  OedosQoium  app-)  at  concentrations  exceedltig  20  ppm  (Vance 
and  Drummond.  10e39).  The  LOAEb  for  plants  Is  A75  ppb.  based  on  observations 
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of  growth  Inhibition  In  an  alga,  Aiucjtsiis  nidularas  (EPA,  1980c).  Other 
studies  Indlcata  growth  Inhibition  In  algae  from  greater  than  1,000  ppb  to 
greater  than  20,000  ppb  (EPA,  1980c). 

AqualiC-Inyaxifibrates — Endrln  resulted  In  behavior  changes  '  caddis-fly 
(Brachycaatrus  aaeticanus)  and  stonefly  { Eiatonarcya  dorsala)  larva  within 
A  days  at  concentrations  of  0.07  ppb  for  B-  aaericanus  and  0.15  ppb  for 
E.  dorsata  (Anderson  and  DeFoe,  1980).  Behavioral  effects  included 
spontaneous  twisting  and  altered  swimming  patterns  by  stoneflles,  and 
evacuation  of  cases  by  caddlsflles.  The  28-d  LC5QS  were  less  than  0.03  ppb 
for  fi.  aaeticanus  and  0-07  ppb  for  £.  dorsata- 

AqualiC-Kertairates — The  96  hour  (96-hr)  1050  for  endrln  Is  less  than  1  ppb 
for  many  species  of  freshwater  fish  (EPA,  1979b).  Surface  waters  In  the 
lower  Mississippi  River  basin  during  a  period  when  numerous  fish  kills  were 
reported  contained  a  recorded  maximum  of  0.21A  ppb  (EPA,  1979b).  The  2A-hr 
and  A8-ht  LC5Q  values  for  bass  flngerllngs  were  0.A9  and  0.27  ppb, 
respectively  (Fabacher,  1976).  The  28-d  LC50  for  bullhead  (Icialurus  melas) 
was  0.10  ppb  (Anderson  and  DeFoe,  1980). 


Endrln  was  acutely  toxic  to  channel  catfish  (I.clalurus  punctatus)  at 
concentrations  of  0-25  to  0.30  ppb  for  a  10-d  exposure  period  (Mount  el  al, 
1966).  Blood  levels  diagnostic  of  endrln  poisoning  In  catfish  wore  0-3  ppm. 
Catfish  exposed  to  0.1  or  0-2  ppb  for  AA  days  shewed  CNS  effects,  with 
corresponding  mean  blood  levels  of  0.18  ppm  (range  0.11  to  0.25  ppm)  and 
0.25  ppm  (range  0.20  to  023  ppm),  respectively. 

Sharma  el  al-  (1979)  observed  a  96-hr  LC5Q  of  33  ppb  for  Cpbiocephaius 
punctaius  (a  type  of  Indian  fish)  In  static  tests.  The  NOEL  was  5  ppb  for 
96-hr.  At  80  ppb,  rcort.aHty  was  100  percent.  Effects  of  exposure  resulted 
In  decreased  activity  of  several  oncymes  (succinic,  pyruvic,  and  lactic 
dehydrogenases)  that  function  In  cellular  metabolic  activity  or  energy 
release.  The  LCjg  values  derived  by  Sharma  at.  al.  (1979)  are  higher  than 
other  '/.aloes  derived  for  fish,  possibly  because  static  tests  can 
underestimate  the  acute  toxicity  of  endrln  to  fish  (EPA,  1930c). 
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In  male  goldfish  (Catassius  auratua)  dietary  endrln  at  low  doses  of  0.99i 
3-3.  and  9.9  ppm  (^.3i  H.3.  and  ^3  ug/kg  bw/day)  for  157  days  caused  no 
adverse  effects;  stimulatory  effects  such  as  Increased  growth  rate  were 
observed  (Grant  and  Kehrlei  1970).  High  doses  of  33  and  99  ppm  (1^3  and 
^30  ug/kg  bw/day)  resulted  In  decreased  growth  rates,  decreased  amounts  of 
body  fat.  decreased  gametogenesls.  and  Increased  mortality.  Thyroid 
activity  was  decreased  In  the  33  and  99  ppm  groups,  and  serum  sodium  (Na) 
levels  were  elevated  at  all  dose  levels  except  the  highest.  CNS  effects 
such  as  altered  respiration  rate,  hypersensitivity  to  stimuli,  and 
convulsions  were  observed  In  the  high  dose  groups. 

Frogs  are  not  as  sensitive  to  the  effects  of  endrln  as  are  many  fish  (Hall 
and  Swlneford,  1980).  The  96-hr  LC50  values  by  static  test  methods  for 
Eseudacris  triseriata  and  Bufo  Koodhuusei  tadpoles  were  120  and  180  ppb. 
respectively  (Sanders.  1970).  Observed  LC50  values  by  flow-through  bloassay 
for  Rana  sphenccephala  resulted  in  lower  LC50  values  than  those  obtained  by 
static  test  methods  (Hall  and  Swlneford.  1980);  LC50  values  by  flow-through 
bioassay  for  larvae  and  transformed  frogs  ranged  from  a  measured 
concentration  of  endrln  In  water  of  0-002  to  0-011  ppm  (2  to  11  ppb). 

lerreslcial-Plants — Terrestrial  plants  are  relatively  Insensitive  to  the 
toxic  effects  of  endrln.  but  can  absorb,  translocate,  and  metabolize  endrln 
(EPA.  1979b).  Absorption  varies  with  species,  soli  type,  and  endrln 
concentration.  Uptake  of  plant  macro-  and  mlcronutr lents  Is  altered  by 
exposure  to  high  soli  concentrations  of  endrln.  Endrln  exposure  resulted  In 
a  decreased  rate  of  germination  and  variations  In  tissue  amino  acid 
composition.  A  500  ppm  concentration  of  endrln  for  a  2^-hr  exposure  period 
resulted  In  50  percent  growth  Inhibition  (CRgg)  of  barley  seed  (Uordeunj 
vulgars)  (EPA,  1979b). 

Birds — The  acute  LDjqs  for  endrln  In  female  mallard  ducks  (Anas 
plalyrbynchos) .  sharp-tailed  grouse  (lyaipanuchus  cupido).  and  California 
quail  (Lophorly-S  caliiocnicns) ,  are  5.6A,  1.06,  and  1-19  mg/kg  bw, 
respectively  (Hudson  2J.  al- .  198A).  For  male  ring-necked  phe.asant 
(Ehasianus  colnhicus).  the  acute  oral  LD50  Is  1-73  mg/kg  bw  (Hudson  at  ai-. 
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198A).  For  mala  and  female  rock  doves  (Coluaiia  liicia)  the  acute  oral  LD50 
Is  2.0  to  5-0  mg/kg  bw  (Hudson  £i  al- .  198A).  The  5-day  dietary  I.C50  values 
for  bobwhlte  quail  (Collnus  iiir,glnlanus)  1  coturnix  quail  (Cotutnix 
CQturnix).  ring-necked  pheasant  (Phasianus  colchicusli  and  mallard  ducks 
were  lAi  18,  l.i! ,  and  22  ppm,  respectively  (Heinz  and  Johnson,  1979). 

Screech  owls  (Qtus  asio)  fed  0.75  ppm  endrin  in  diet  for  83  days  laid  fewer 
eggs  per  day  and  had  fewer  eggs  hatch  yer  clutch  than  controls  (Fleming  el 
al. ,  1982).  There  were  fewer  fledglings  per  total  number  of  pairs 
and  ^3  percent  fewer  fledged  owlets  than  controls.  Although  residue 
concentration  did  not  correlate  significantly  with  hatching  success,  a  trend 
was  observed  that  clutches  with  higher  residues  had  lower  hatching  success. 

A  concentration  of  0.3  ppm  in  eggs  was  Indicated  as  a  threshold  level  for 
toxic  effects  (Fleming  el  al. ,  1982).  However,  PCB  and  DDE  residues  were 
found  In  higher  concentrations  in  treated  as  compared  to  controls,  possibly 
affecting  study  results. 

Mallard  ducks  were  chronically  exposed  to  endrin  over  a  period  of 
approximately  7  months  by  feeding  0,  1.  and  3  ppm  endrin  in  diet  (Spann  el 
al. ,  1986).  Birds  receiving  1  ppm  in  diet  had  higher  reproductive  success 
than  controls,  while  birds  receiving  3  ppm  in  diet  had  reduced  reproductive 
success,  although  the  difference  was  not  statistically  significant.  In 
another  study  with  mallard  ducks,  endrin  fed  to  breeding  birds  at  0-5  and 
3.0  ppm  in  diet  did  not  affect  egg  production,  fertility,  or  hatchabillty , 
although  a  9-6  percent  decrease  in  embryo  survivability  was  observed  at  the 
3.0  ppm  dose  level  (Roylance  si  al.,  1985).  Males  on  the  3.0  ppm  diet  lost 
weight . 

Brain  residues  diagnostic  of  endrin  poisoning  in  birds  are  concentrations 
exceeding  0.8  ppm,  while  concentrations  less  than  or  equal  to  0-6  ppm 
,:dlcate  survival  (Stlckel  at  al-,  1979).  In  a  study  by  Spann  ei  al- 
(1966),  a  male  mallard  that  died  while  receiving  3  ppm  endrin  In  diet  had 
1  ppm  endrin  on  a  wet  weight  basis  In  brain  tissue-  A  male  and  a  female 
bald  eagle  that  survived  for  13  and  20  days  at  20  ppm  endrin  In  diet,  died 
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with  brain  residues  of  1.2  and  0-92  ppm  (wet  weight  basls)i  respectively 
(Stlckel  fit  al- t  1979).  Lipid  levels  decreased  although  the  eagles 
continued  to  feed  regularly  until  death. 

The  dermal  LD5Q  of  endrin  to  10  month  old  roale  mallards  is  greater  than 
lAO  mg/kg  bw  aft.er  a  2^-hr  foot  exposure  to  a  97  percent  solution  (Hudson 
fit  al.  1  198^).  CNS  symptoms  such  as  hyperexcltabllity  and  ataxia  were 
observed  within  3-hr  of  treatment.  Exposure  resulted  in  mild  dermal 
irritation. 

Mammals — The  acute  oral  LD50  values  for  endrin  for  several  mammalian  species 
range  from  1-37  to  bO  mg/kg  bw  (EPAi  1980c).  Mice  and  monkeys  are  the  most 
sensitive  mammalsi  and  guinea  pigs  and  goats  are  the  most  resistant.  The 
LD50  for  female  mule  deer  (Cdoccilp.us  hsmiOEUs)  (N  -  3)  Is  6.25  to  12-5  mg/kg 
bw  (Hudson  fit  al.i  198^).  The  acuta  oral  LEgg  values  for  Isodrln  for  rats 
and  mice  are  8-8  and  7  mg/kg  bw,  respectively  (NIOSH,  1982). 

Endrin  was  fatal  to  dogs  exposed  to  dietary  concentrations  of  0.A9  to  0.81  ppm 
(0.012  to  0.020  mg/kg  bw/day  (Sax,  198A))  for  5  to  6  months  (E?A,  1980c),  making 
endrin  more  chronically  toxic  than  the  other  organochlor Ine  pesticides-  Chronic 
exposure  to  low  concentrations  can  produce  damage  to  major  organs  such  as  the 
liver,  kidney,  and  heart!  nervous  system  disorders  have  also  been  reported  (EPA, 
1980c)-  Sublethal  effects  are  observed  In  wildlife  populations  such  as  altered 
behavioral  and  reproductive  function  (EPA,  1980c). 

After  one  week,  rats  dosed  dally  with  3-5  mg/kg  bw  exhibited 
electroencephalograph  (EEC)  changes  and  convulsions  (Speck  and  Maaske. 

1958),  whereas  the  NOEL  was  less  than  or  equal  to  1-7  mg/kg  bw/day-  At  0-75 
mg/kg/day  administer*!  to  female  hamsters  at  days  5  through  of  gestation, 
endrin  resulted  In  Increased  fetal  nrartallty,  decreased  fetal  weight,  and 
decreased  skeletal  ossification  (Charnoff  el  al- ,  1979). 

Age  and  sex  can  Influence  the  toxicity  of  endrin  to  mammals  (Blus,  1978). 

The  LD5Q  values  for  30-day  old  female  and  male  rats  wgre  16-8  and 

28-3  mg/kg  bw,  respectively  (Treon  and  Cleveland.  1955).  For  6-month  old 

rats,  there  was  a  greater  sex-related  difference  In  LD50  values;  LE50  values 
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were  7.3  mg/kg  bw  for  females  and  A3. A  mg/kg  bw  for  males.  In  a  chronic 
(2  year)  study  with  rats,  mortality  was  significantly  higher  for  female  rats 
exposed  to  25.  50.  and  100  ppm  than  for  those  exposed  to  0.  1.  or  5  ppm 
(Treon  and  Cleveland.  1955).  Male  rats  were  not  as  sensitive  to  the  effects 
of  endrln  as  females;  however,  mortality  increased  In  the  50  ppm  and  higher 
treatment  groups.  Male  shrews  (Blatina  btfij^icauda)  were  more  sensitive  to 
endrin  in  the  diet  than  were  females,  and  younger  females  were  more 
sensitive  than  older  females  (Blus.  1978).  The  LC5Q  for  shrews  of  both 
sexes  and  of  varying  ages  ranged  from  87  to  17A  ppm.  All  shrews  that  died 
lost  body  weight.  Shrews  that  were  severely  intoxicated  with  endrln  tended 
to  stay  under  cover  as  opposed  to  DDT  intoxicated  shrews  that  came  to  the 
surface  (Blus.  1978). 

Rabbits  dermally  exposed  to  0.25  to  3-6  grams  per  kilogram  body  weight 
(g/kg  bw)  died  within  2A-hr  of  application  (Treon  and  Cleveland,  1955).  The 
NOEL  was  0.06  g/kg  bw. 

BiQaccumulation_EQteniial_Qf_flndi:ia 

A£luatiC_EcQsyate!na--Compared  to  the  other  organochlor ine  pesticides, 
accumulation  of  endrln  residues  is  not  high  (Kan,  1973).  Due  to  the  dynamic 
nature  of  endrln  residues  in  tissue,  residue  concentration  of  the  parent 
compound  decreases  rapidly  once  exposure  ceases,  although  metabolites  may  be 
lost  more  slowly  (EPA,  1930c).  The  half-life  of  endrln  in  channel  catfish 
tissues  was  12  days  (Jackson,  1976),  in  bluegill  half-life  was  A  weeks 
(Sudershan  and  Khan,  1980), 

ECFs  observed  in  algae  following  exposure  to  endrln  for  7  days  were  lAO  to 
222  (EPA,  1980c).  ECFs  for  various  freshwater  invertebrates  ranged  from 
7  to  2,600  for  exposure  durations  of  1  to  2A  days  (EPA,  1979b):  for  various 
species  of  fish,  BCFs  ranged  from  1,600  to  15,000  for  exposure  durations  of 
21  to  300  days  (EPA,  1980c).  BCFs  in  clams  were  approximately  3,000 
(Jarvlnen  and  Tyo,  1978).  BCFs  in  frogs  were  approximately  100  (range  3A  to 
9A)  (Hall  and  Swlneford,  1980).  Bluegill  exposed  for  2A-hr  to  0-2  and  2 
ug/1  concentrated  endrln  by  factors  of  250  and  150.  respectively  (Bennett 
and  Day,  1970).  Maximum  BCFs  were  approximately  10,000  after  56  days  for 
fathead  minnows  (Jarvlnen  and  Tyo,  1973). 
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BAFs  In  snails  (Ehjisa  spO  were  49,000;  observed  tissue  concentrations 
reached  492  ppm  (EPA,  1979b).  In  stoneflles,  2-  doEsata,  BAFs  were  600  to 
1,000  In  laboratory  tests  (the  ratio  Is  not  a  BCF  because  the  Insects  were 
fed  while  In  the  test  chamber)  (Anderson  and  DeFoe,  1980).  In  fish,  the 
major  route  of  uptake  Is  through  the  gills;  uptake  Is  approximately  2,000 
times  greater  from  water  than  from  food  In  channel  catfish  (EPA,  1979b). 

For  other  studies,  observed  BMFs  for  fish  were  less  than  1,  Indicating 
little  uptake  from  food  as  compared  to  water  (Jackson,  1976;  Argyle  el  ai, 
1973).  Maximum  observed  BAFs  for  fathead  minnows  (Eimephalss  promelaa)  were 
13,000,  while  BMFs  were  0.8;  the  residues  were  additive  (Jarvlnen  and  Tyo, 
1978).  For  4  and  7  day  exposures,  bullhead  BAFs  were  3,700  and  6,200, 
respectively  (Anderson  and  DeFoe,  1980). 

Under  static  conditions,  blueglll  (Lepomls  mactochiEUS )  absorb  85  percent  of 
a  1  ppb  dose  from  water  In  48-hr  (Sudershan  and  Khan,  1980).  A  24-hr 
exposure  to  C.2  and  2  ug/1  resulted  In  BCFs  of  250  and  150,  respectively 
(Bennett  and  Day,  1970).  At  equilibrium,  BCF  values  range  from  1,640  to 
15,000  for  various  species  of  freshwater  fish  (EPA,  1980c). 

leEEeslEial-EcQsystems — Small  amounts  of  endrln  (approximately  10  percent 
compared  to  soil  residues)  are  taken  up  Into  soybeans  from  clay  loam  soil 
with  1  to  1.5  percent  organic  matter  (Barrentlne  and  Cain,  1969). 
Magnification  factors  between  turnips  or  peanuts  and  soil  were  also  less 
than  1  (Wheeler  el  al.,  1969;  Dorough  and  Randolph,  1969). 

Soli  Invertebrates  concentrate  endrln  more  than  do  plants.  Gish  (1970) 
measured  concentrations  In  soils  and  soil  Invertebrates  (earthworms  and 
others)  from  various  locations  with  various  soil  types-  A  mean 
concentration  factor  ♦  standard  deviations  (SD)  of  29  ♦  32  on  a  dry  weight 
basis  was  estimated  from  data  points  with  both  soli  and  Invertebrate 
concentrations  of  endrln.  Compared  to  the  other  organochlor ine  pesticides, 
accumulation  of  endrln  residues  is  not  high  (Kan,  1978).  The  concentration 
ratio  between  poultry  eggs  and  feed  was  0-6  (Kan,  1978),  and  between 
poultry  fat  and  feed  was  7  to  10  (Kan,  1978)-  Mallard  eggs  contained 
approximately  the  same  amount  as  the  dietary  concentration  consumed  by 
females  (Roylance  el  ai- ,  1985)-  Similar  results  were  observed  by  Spann  el 
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al*  (1986)i  where*  1  and  3  ppm  endrln  In  diet  resulted  In  1.1  or  2.9  ppm  In 
mallard  eggs,  respectively,  while  fat  residues  were  ^  to  8  times  higher. 

The  half-life  of  endrln  in  biota  ranges  from  days  to  weeks  depending  on  the 
species  and  tissue  being  measured.  Endrln  Is  metabolized  rapidly  by  mammals 
(EPA,  1985f)  but  stored  In  the  fat  of  birds  (Reichel  £l  al- .  1969).  The 
half-life  In  poultry  eggs  and  fat  was  A  to  5  weeks  (Kan,  1978).  Elimination 
In  mallards  indicated  a  half-life  in  whole  body  of  3  days  (Heinz  and 
Johnson,  1979),  and  in  rats  2  to  A  days  (Korte,  1970). 

Eate_Qf_£ndrin_In_Ihe_Eni?irQnnieiit 

Endrln  is  subject  to  microbial  degradation  to  ketoendrln,  endrin  aldehyde, 
and  endrln  alcohol  (EPA,  1979b).  Microbial  degradation  is  favored  under 
anaerobic  conditions  such  as  flooded  soil. 

In  plants,  the  major  metabolite  is  an  endrin  alcohol,  with  some  ketoendrln 
occurring  as  well  (EPA,  1979b).  In  bluegill,  12-anti-hydroxyendrln  and  12- 
syn-hydroxyend.r in  were  the  major  metabolites  identified  in  tissue,  with 
73  percent  of  the  tissue  residues  being  composed  of  parent  compound 
(Sudershan  and  Khan,  1980).  The  primary  metabolic  pathway  in  bluegill  Is 
hydroxylat Ion  followed  by  conjugation:  elimination  products  were  the 
conjugated  metabolites  and  not  the  parent  compound  (Sudershan  and  Khan, 
1980). 

The  primary  metabolic  pathway  in  mammals  is  similar  to  that  In  fish,  with 
hydroxylat Ion  producing  three  monohydroxy la  ted  products  (Sudershan  and  Khan, 
1980).  Endrin  is  excreted  as  a  mixture  of  polar  metabolites  In  rabbit 
urine,  while  50  percent  of  an  oral  dose  Is  excreted  as  the  unchanged  parent 
compound  in  feces  (Bedford  et  al-,  1975).  Metabolism  occurs  by 
hydroxylat ion  at  the  C-12  methylene  bridge  to  form  anti-  and  syn-12- 
hydroxyendrln ,  which  are  then  excreted  as  sulfate  and  glucuronide 
conjugates.  12-Hydroxyendr in  can  be  further  oxidized  to  12-ketoendrin , 
which  is  the  major  toxic  metabolite  (EPA,  1987c).  The  route  of  excretion  of 
endrin  is  different  in  the  rat,  where  the  liver  is  the  major  excretory  organ 
(Cole  ZZ.  al.,  1970),  and  only  2  percent  of  an  oral  dose  is  excreted  in  urine 
(Bedford  et  al-,  1975)-  In  rabbits,  fecal  e.xcretion  is  almost  complete  in 
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2A-hr,  while  for  rats  fecal  excretion  takes  several  days  (Bedford  fit  al- . 
1975).  The  metabolites  12-k6toendr In  and  anti-  and  syn-12-hydroxyendr In  are 
2  to  5  times  more  toxic  than  the  parent  compound  (Bedford  et.  al-j  1975). 

5. 2.  A.  2  Surfat:a_yafer_Ingesi.iQn 

In  addition  to  exposure  by  Ingestion  of  contaminated  food  Items,  the  key 
organisms  are  potentially  exposed  to  contaminants  by  Ingestion  of  surface 
water-  The  key  0’'ganlsms  for  which  a  surface  water  pathway  becomes 
Important  are  the  nonaquatlc  animals  such  as  small  mammals,  waterfowl,  and 
raptors-  Bioconcentration  as  defined  for  aquatic  organisms  Is  not 
applicable  to  nonaquatlc  organisms,  because  tissue  concentrations  are  not  a 
direct  function  of  water  conrentration-  However,  uptake  of  contaminants 
from  Ingestion  of  surface  water  can  occur,  with  accumulation  rates  depending 
on  the  amount  of  water  Ingested  dally  and  the  concentration  of  contaminants 
In  the  water  supply- 

Small-tiamnals — The  adverse  effects  levels  for  laboratory  mammals  are  listed 
In  Table  5-2-26-  All  data  for  mammals  are  from  subchronic  studies-  The 
lowest  ingestion  rate  that  produced  adverse  effects  for  rats  was 
0-15  mg/kg/day  for  oral  gavage  for  days  7  through  15  of  pregnancy  (Gray  ei. 
al- ,  1981).  At  this  dose,  behavior  was  altered  in  offspring-  No  toxic 
effects  were  noted  at  the  next  lower  dose,  0-075  mg/kg  bw/day-  Assuming 
toxicity  from  oral  exposure  Is  similar  to  toxicity  due  to  exposure  from 
ingestion  of  surface  water,  an  acceptable  water  concentration  Is  derived  as 
from  health  effects  and  water  consumption  data  for  rats  as  follows: 

_ NOEL _  =  Q^Q25_Dg/kg_by/day  -  0-6  mg /I 

Intake/kg  bw/day  0-125  1/kg  bw/day 

Applying  an  uncertainty  factor  of  10  to  convert  the  subchronic  NOEL  to  a 
chronic  NOEL,  and  5  for  interspecific  variation,  yields  an  acceptable 
surface  water  concentration  of  0.012  mg/1  (12  ppb)- 

Table  5-2-26  lists  the  surface  water  concentrations  that  correlate  with  the 
toxic  effects  levels  in  diet  or  by  oral  Ingestion  based  on  dally  water 
intake  for  each  species-  Uncertainty  factors  were  applied  to  all  values  in 


5-235 


Table  5.2-26.  Toxic  Effects  Levels  of  Endrln  for  Small  Maaaals  and 
Birds  by  Ingestion 


Species 

Route 

Dose 

(mg/kg  bw/day) 

Corresponding 

Hater 

Effect  Concentration 

(ppm) 

Source 

Rat 

oral 

3-5 

Convulsions 

EEC  changes 

0-112 

Speck  i  Maaske, 
1958 

Rat 

oral 

1.7 

No  adverse 
effects 

0.272 

Speck  U  Maaske, 
1958 

Rat 

oral 

O-IS 

Altered  behavior 
of  offspring 

Q.OiiB 

Gray  et  al- . 
1981 

Rat 

oral 

0-075 

No  adverse 
effects 

0.012 

Gray  at  al- , 
1981 

Mallard 

3  ppm 
(diet) 

0.16>r 

Slight  mortality, 
Height  loss. 
Reproduct Ive 
effects 

0.032 

Spann  el  al-, 
1936 

Mallard 

1  ppm 
(diet) 

0-05* 

No  adverse 
effects 

0.05 

Spann  et  al -  , 

Bald 

Eagle 

20  ppm 
(diet) 

1.1.> 

Death 

0-022 

Stickel  el  al- , 
1979 

*  Dally 

dose  was 

calculated  from 

dietary  concentrations  using  the 

food  intake 

factor,  R,  described  previously- 
Source;  ESE,  1988- 
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Table  5.2-26  as  described  in  Section  5-1.  The  lowest  water  concentration 
for  maamals.  0-0^8  ppmi  is  based  on  a  subchronic  LOAZL  for  rats  with 
behavior  of  offspring  as  the  toxicological  endpoint.  Values  obtained  using 
LOAELs  are  considered  cnore  uncertain  than  the  water  concentration  derived 
from  a  NOEL.  Therefore ■  the  value  based  on  a  subchronic  NOEL  (0.012  ppm)  Is 
used  to  represent  a  "no  effects"  water  concentrat Ion  for  manmals. 

Birds — The  lowest  acceptable  concentration  In  surface  water  Is  derived  using 
the  lowest  toxic  effects  levels  for  birds  from  Table  5.2-26-  Data  for 
mallard  are  chronlci  whereas  data  for  eagle  are  subchronlc-  The  chronic 
NOEL  was  0-05  mg/kg  bw/day  for  mallard-  From  the  NOEL  and  the  water  Intake 
for  mallard,  the  acceptable  water  concentration  is  as  follows; 

_ NOEL _ «  Qj.Q5_B4Zkg_bwZday  -  0-25  mg /I 

Intake/kg  bw/day  0-2  1/kg  bw/day 

An  uncertainty  factor  of  5  was  used  for  Interspecific  variation  to  yield  -an 
acceptable  water  concentration  of  0-05  ppm  (50  ppb)-  Lower  v,alues  of  0-032 
ppm  based  on  a  chronic  LOAEL  for  mallards  or  0  022  ppm  b.ased  on  a  subchronlc 
LOAEL  for  eagles  (and  a  water  Intake  of  0-2  1/kg  bw/day)  wore  considered 
more  uncertain  than  a  water  concentration  b.ased  on  n  chronic  NOEL  for 
mallards-  Therefore.  0-05  ppm  was  used  to  represent  an  -acceptable  surface 
water  concentration  for  blrds- 

The  "no  effects"  level  derived  for  birds  is  slightly  higher  than  the  v;\luc 
derived  for  roammals,  although  the  difference  Is  probably  not  sign.  C  Ic.ant - 
Because  the  "no  effects"  level  In  birds  was  based  on  a  chronic  NOKL,  there 
is  less  uncertainty  In  the  estimate-  Therefore,  an  endrln  concentration  In 
surface  water  of  0-05  mg/1  (50  ppb)  -as  derived  from  data  for  mallards  Is 
assuned  to  be  protective  of  -all  species  consuming  water  at  F.MA  -  The 
correspond  Ing  sediment  concent  r.at  Ion .  based  on  a  K,.j.  of  9.100  l/kg  (see 
Section  5- 2- 5- 6)  and  f^c  of  0-0065  (EBASCO.  Dda),  Is  2-96  ppm. 

5- 2. 6- 3  Aqiiatlc.Life 

To  estimate  site-specific  criteria  for  aqu.atlc  life  In  the  E-.MA  lakes,  d-itn 
for  species  that  occur  -at  501A  were  examined  for  the  low.?st  acute  value  or 
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the  lowest  chronic  LOAEL.  Data  for  cold  water  fish  species  such  as  rainbow 
trout  were  not  considered  appropriate.  The  lowest  acute  and  chronic  values 
were  for  fathead  minnow  (O-Al  and  0-19  ppb,  respective!/)  (EPAi  1930c). 

When  the  lowest  acuta  value  Is  divided  by  the  acute-chronic  ratio  of  ^  (EPA. 
1980c),  a  water  concentration  of  0-10  Is  obtained.  More  stringent  criteria 
are  derived  from  an  H?TC  of  0.63  ppm  for  fathead  minnow  and  a  geometric  mean 
BCF  of  1,324  adjusted  for  15  percent  liquid.  The  acceptable  water 
concentration  Is  0.052  ppb- 

The  corresponding  sediment  criterion  Is  c.alculatcd  as  follows; 

^sed  “  ^w  ^  ^oc  ^  ^oc 

where:  «  9,100  (see  Section  5-2-5.6) 

foe  -  0-0065  (ESAOCO.  lOi-?) 

^.sed  “  0  032  ppb  x  9,100  x  0.0065 
'-sed  ”  1-90  ppb  (0-0019  ppm) 

5  -  2  -  4  -  4  Aqua.;  Ic,  Pai:i'.way.A;;aiysi;; 

Iiitroducticn_ro..Aquctic_r;iL]i-rf3y...Analy.sis 

This  Pathway  Analysis  Is  b.ased  on  the  bald  eagle  sln'<  food  subweb  and 
Includes  .all  food  leading  to  t  ho  .snloctttd  sink  species  (Cohen.  1973). 

Bt’Cau.so  the  .same  ore.anl-inis/group'i  a;’p.“ar  In  more  than  one  food  chain 
throughout  the  web.  percentage  eont  r  I  but  i  on.s  for  each  organism  or 
comp.a r t men:  h.ive  been  estlniated  ba.sed  cii  1 1. 1  ng  Iller-aturo  (Table  5  2-27). 
The  .siibweb  b.as  b<ien  simplified  (e-g..  !il-i<‘glll  represnn-  all  fls.h  species  at 
that  trophic  level)  becau.se  of  the  limited  data  available- 

The  b.ald  <?agle  Is  a  federally  listed  epdangerod  speclc.s  .and  I  .s  ,a  '  i-,"  n-.'e.ant 
of  food  webs  on  K>!A.  The  bald  p.,ig!o  w.is  selected  as  the  target  species 
bec.au'5e  of  it..-;  endangefed  status  and  becau.-te  It  represents  the  higho-u 
trophic  level  .affected  by  the  bloac  cutnu  1  .a  t  ion  of  contaminants  through 
aquatic  f.-jo.d  chains.  Aqn.atic  organl.sms  .ar.e  considered  to  be  the  m-.'Sl 
l.nportael  links  In  the  bald  e.agle  food  web  because  they  are  eon.st.antly 
e.’tposed  to  ti'.e  con.t  an  1  nant  ,s  In  their  err.' 1  ronm-'in  via  surf-sen  .adsorption, 
a  b'.or' pt  1 0.11 .  an-)  uptake  acro.ss  respiratory  .sie'abrane.s  :  thus,  bloconcent  rat  Ion 
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Table  5-2-27.  Sunasary  of  Feeding  Habits  for  the  Pathway  Analysis  for  Endrln 


Species 

Food  Items 

X  In  Diet 

Reference 

Mallard 

Invertebrates^ 

44 

Swanson  et  al-,  1979: 
Swanson  ei  al- ,  1985 

Plants^ 

30 

Swanson  at  al-,  1979 

Annelids^ 

26 

Swanson  at  al-,  1979 

Bald  Eagle 

Waterfowl 

24 

Cash  et  al- ,  1985 : 

Todd  Et  al- ,  1932 

Fish 

66 

Cash  fit  al- ,  1985 

Mamma) s 

10 

Cash  £1  al- ,  1985 

Blueglll 

Invertebrates 

83 

Mart  In  £i  al - ,  1961 

Plankton,  Algae 

12 

Mart  In  et  al- ,  1961 

Pike 

Flsh^ 

100 

Insklp,  1932 

Includes  Crustacea.  Insecta,  and  Mollusca- 

^  Plants  Includes  fruits  of  aquatic  and  terrestrial  plant  species  as  well 
as  vegetation. 


^  These  food  itens  were  not  utilized  In  the  pathways  analysis-  Annelids 
are  apparently  washed  Into  aquatic  systems  (Swanson  et.  al-t  1979)  and 
were  not  Included  due  to  the  temporary  nature  of  availability- 

^  Pike  -ire  opportunistic  feeders  that  will  utilize  other  food  sources,  but 
are  assurrjed  to  prey  comp  tely  on  fish  for  the  sake  of  the  analysis- 

Cource:  EUT,  19:-;l. 
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factors  tend  to  be  large.  The  "no  effects"  level  Is  based  on  health  effects 
levels  obtained  from  the  scientific  literature  and  presumes  that  if  bald 
eagles  will  not  be  affected)  other  species  will  be  protected-  No  safety 
factors  have  been  used  in  the  calculation  of  acceptable  "no  effects"  levels. 

Usthods 

Published  values  were  used  to  represent  BCFs  and  BAFs.  Table  5-2-28  lists 
the  BCF  values  utilized  In  this  study.  For  invertebrates)  data  indicate 
equilibrium  with  endrln  In  water  is  attained  after  2  to  2-5  days  of  exposure 
(EPA)  1930).  Another  source  indicates  equilibrium  Is  attained  In  5  days 
(Hamellnk,  1971).  Therefore,  only  studies  with  exposure  durations  of  5  days 
or  more  were  used  In  calculating  the  Invertebrate  BCF. 

Five  food  transfer  pathways  ultimately  terminating  with  the  bald  eagle  were 
established  as  follows: 


.Icophlc.Level, 


Pathway 

1 

Source 

1 

_ 2 _ 

3  _ 

. .  4.. 

H2O 

Invertebrates 

Mallard 

Bald 

Fagle 

2 

H2O 

Aquatic  Plants 

Mallard 

Bald 

Eagle 

3 

H2O 

Plankton 

Blueglll 

Pike 

Bald  Eagle 

6 

H2O 

Invertebrates 

Blueglll 

Pike 

Bald  Eagle 

5 

Sol  1 

Terrestrial 

Plants 

Smal  1 
Mammals 

Bald 

Eagle 

The  mallard  .and  the  pike  represent  the  sura  total  of  birds  and 

fish  fed  upon  by  the  bald  eagle.  The  combined  food  transfer  pathways  are 

presented  In  Figure  5.2-6. 

All  pathways  (except  Pathw.ay  Five)  originate  with  water-  The  lowest  step  In 
the  food  chain  Is  assumed  to  be  In  equilibrium  with  the  aquatic  environment, 
which  gives  equ.ation  (1): 

BCF  -  Cfe/C,.,  (1) 

where;  Ci,  -  the  concentr.at  Ion  of  endrln  In  blots 
C.j  -  the  concontr.at  Ion  of  e-.Jrln  In  water 
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Table  5" 2-28 ■  Bloconccntrat ion  Factors  Used  in  the  Endrln  Pathways  Analysis 


Species 

BCF 

Hean 

Source 

BCF 

Plants 


Microcystis-asrusinosa- 

200 

EPA, 

1980c 

Anabaena  cyliudrica 

222 

EPA, 

1980c 

ScenadasHsus  quadrlcauda 

156 

EPA, 

1980r. 

Dadogonlua  sp- 

Geometric  Mean 

lAO 

180 

EPA, 

1980c 

Plankton^ 

Geometric  Mean 

180 

Invertebrates 

Mussels  (mixed  species) 

3,000 

Jarvinen  and  Tyo 
1973 

Mussel  (Hycldfilla  australis) 

Geometric  Mean 

38 

3A0 

EPA. 

1979b 

Bluegill 

Fathead  minnow 

10,000 

EPA, 

1980c 

Fathead  minnow 

7,000 

EPA. 

1980c 

Channel  catfish 

l,6i.O  -  2,000 

EPA. 

1980c 

Flagflsh 

15,000 

EPA 

1980c 

(Jordaufilla  florldae) 

Geometric  Mean 

Plke^ 

5.098 

5,098 

^  BCFs  used  to  calculate  the  mean  for  plankton  were  the  same 
as  those  used  to  calculate  tha  mean  for  plants- 

^  ECFs  used  to  calculate  the  mean  were  the  same  as  blueglll- 
BCFs  for  fish  are  for  whole  body- 


Source:  ES£»  1933- 
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This  equation  Is  vital  to  the  rest  of  the  analysis-  The  end  result,  the 
total  BMf  for  the  bald  eagle,  can  be  ultimately  traced  back  through  water  to 
the  sediment,  because  It  Is  assumed  that  all  endrln  enters  the  water 
compartment  from  sediments  before  being  taken  up  by  the  biological 
compartment;  l-e-, 

Cy  - - Csed -  (7) 

Kqc  ^  foe 

or  solving  for  Cggj: 

^sed  “  ^w  ^  ^oc  *  ^oc 

where;  Cggjj  -  concentration  of  endrln  In  the  sediment 
Cy  «  concentration  of  endrln  In  water 
Kqj.  »  soil-water  partition  coefficient  normalized  for 
organic  carbon 

fog  »  fraction  of  organic  carbon 

There  Is  a  great  deal  of  uncertainty  In  the  estimate  of  Kq,.  -  Kenaga  (1980) 
estimated  Kgg  for  endrln  to  be  3^,000.  Kq-  can  be  estimated  to  range  from 
19,000  to  ^3,000  from  regression  equations  reported  In  Kenaga  and  Goring 
(1930),  Lyman  and  Lcretl  (1986),  and  Kadeg  el  al-  (1986).  K^g  Is  10,000 
based  on  measured  water  solubility  (Richardson  and  Miller,  1959)  and  a 
regression  equation  from  Lyman  (1982).  The  best  estimate  of  K^g  Is  9,100 
1/kg  (see  Section  5-2. 5-6). 

The  fgg  Is  a  measured  value  of  0-0065  (EBASCO,  1988),  obtained  from  data 
from  the  RMA  lakes  for  the  surflclal  sediments- 

The  method  used  In  the  Pathway  Analysis  Is  the  Thomann  (1981) 
bloaccumulat Ion  model  of  food  chain  transfer  In  aquatic  ecosystems  where 
each  level  Is  a  step  In  the  food  chain: 

Level  #1  BCFi  -  C^/C.j  (1) 

Level  ml  8AF2  -  BCF2  ♦  f2BCF2  (2) 

Level  *3  BAF3  -  BCF3  •  f3BCF2  ♦  f3f23CF2  (3) 

Level  BAF/,  »  BCFi,  ♦  f^BCF3  *  f(,f3BCF2  *  f(,f3f2BCF2  (A) 
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The  food  term  (fi)  is  a  function  of  the  trophic  level  in  question  and  is 

calculated  by  the  following  equation: 

fi  -  (5) 

1^2 

where:  @  -  Assimilation  efficlencyi  uo_absQi:h2d 

ug  absorbed 

R  -  Total  Dally  Diet,  intake  (g)/body  weight  (g)/day 
k2  -  Depuration  rate,  day“^ 

X  «  Percent  of  item  in  diet 

The  assimilation  efficiency  was  approximated  from  a  study  using  fish,  where 
85  percent  of  a  dose  was  assimilated  in  A8  hr  under  static  conditions 
(Sudershan  and  Khan,  1980).  Because  data  regarding  assimilation  of  endrin 
were  unavailable  for  other  species  in  the  literature  surveyed,  0.85  was  used 
to  represent  the  assimilation  efficiency  of  all  species  in  the  Pathway 
Analysts . 

The  depuration  rate  (k2)  Includes  loss  due  to  growth,  excretion,  and 
metabolism.  Because  rate  constants  have  not  been  measured  for  each  species 
in  this  analysis,  k2  values  taken  from  the  literature  were  used  to  represent 
all  species.  The  loss  rate  can  be  calculated  using  a  standard  decay 
equat ion : 

Ct  -  Coe->"^  (11) 

where : 

Cq  »  initial  concentration 
t  «  time 

"  concentration  at  time  t.  using  biological  half-life  or  0.5Cq 
k  -  loss  rata  constant 

Rearranging  equation  11  to  solve  for  k  gives  equation  12: 

.Qu.fi22  -  k  (12) 

t 
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The  following  k2  values  were  utilized  in  the  Pathway  Analysis: 

k2  "  0.025/day  Based  on  an  observed  half-life  of  endrin  in  bluegill  of 
A  weeks  (Sudershan  and  Khan,  1980). 

k2  “  0.058/day  Based  on  an  observed  half-life  of  endrin  in  channel 
catfish  of  12  days  (Jackson,  1976)- 

k2  -  0.020/day  Based  on  an  observed  half-life  of  endrin  in  poultry  fat 
and  eggs  of  A  to  5  weeks  (Kan,  1973). 

k2  ”  0.035/day  Based  on  an  observed  half-life  of  endrin  In  mallard 

duck  whole  body  of  19.8  days-  Data  were  recalculated 
to  yield  a  first  order  rate  constant  (Heinz  and 
Johnson.  1979). 

A  geometric  mean  was  used  to  represent  the  loss  rate  in  each  of  the 
different  classes  in  the  pathway  analysis.  For  fish,  a  geometric  mean  value 
of  0.038/day  was  used  to  represent  k2  for  bluegill  and  pike-  For  birds,  a 
geometric  mean  value  of  0.026/day  w.ns  used  to  represent  k2  for  mallard  and 
bald  eagle.  Because  BAF  values  (or  the  mammalian  pathway  were  calculated  In 
a  different  manner,  k2  values  were  not  required  to  estimate  accumulation  for 
Pathway  5  (soil  ->  plants  ->  mammals  ->  eagle). 

Eathyay-Analysis 

EaihMay_Qii2i — H2Q-=i_Inver;l2bEat.es_=i_Mallard_=i_Bald_Eagle — The  BCF  for 
invertebrates  ranges  from  7  to  2,600  for  various  freshwater  invertebrates 
for  exposure  durations  ranging  from  1  to  2A  days  (EPA,  1979b).  However,  it 
appears  that  at  least  5  days  are  required  for  aquatic  invertebrates  to  reach 
equilibrium  conditions  with  environmental  endrin  concentrations  (Hamellnk,. 
1971).  Therefore,  only  values  where  exposure  duration  was  equal  to  or 
exceeded  5  days  were  used  to  calculate  BCF.  For  freshwater  mussels  (mixed 
species)  exposed  for  21  days,  the  BCF  was  3.000  (Jarvinen  and  Tyo,  1978), 
and  for  another  freshwater  mussel  (Hycidella  australis)  exposed  for  2A  days, 
the  BCF  was  38  (EPA,  1979b).  A  geometric  mean  was  calculated  to  represent 
bloconcent rat  ion  by  aquatic  invertebrates- 

^*^^invert  ”  3A0  (1) 
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Small  aquatic  Invertebrates  are  assumed  to  be  In  equilibrium  with  their 
environment;  because  of  the  large  surface  area  to  volume  ratio,  the 
processes  of  bioconcentration  outweigh  biomagnification  to  the  extent  that 
uptake  from  diet  Is  Insignificant  to  uptake  from  water-  Therefore,  BCFs  are 
equivalent  to  BAFs,  and  these  organisms  can  be  considered  to  be  Level  #1  or 
non-feeding  organisms. 

The  food  term  (f2)  is  calculated  by  assuming  that  an  adult  mallard  weighs 
approximately  1,100  g  and  consumes  about  57.A  g  total  diet  each  day  (Miller, 
1975),  of  which  to  56  percent  of  the  diet  Is  Invertebrates  (Swanson  et 
al-,  1979).  For  the  pathway  analysis  the  value  of  kk  percent  was  selected 
although  seasonal  fluctuations  In  invertebrate  populations  will  cause 
variation  in  consumption  of  this  food  type.  The  BAF  for  a  mallard  Is 
calculated  by  assuming  that  the  first  term  in  the  Level  #2  bioaccumulation 
equation  (2)  equals  zero  (because  bloccncsntrat Ion  by  nonaquatlc  organisms 
is  considered  to  be  negligible): 

BAF2  -  BCF2  ♦  f2BCFi  (2) 

^'^^mallard  *  ^2®^^invert 

where:  BCF2  »  0 

f2  -  Q^a5_x_I5'^4_gZlUQQ_gZdayl_K_442  .0-75  (5) 

0.026/day 

An  adult  eagle  weighs  approximately  <1,500  g  (Schafer,  1986)  and  consumes  255 
g  dally  (Swles,  1936),  of  which  2k  percent  of  the  diet  is  birds  (Cash  el 
al  -  ,  1985;  Sherrod,  1978).  Energy  requirements  are  different  for  wild  birds 
than  for  birds  living  in  captivity,  so  these  dietary  quantities  are  only 
approximate  (Sherrod,  1986).  The  following  BAF  values  for  an  eagle  are 
calculated  by  assuming  that  the  first  two  terms  In  the  Level  #3 
bioaccumulation  equation  (3)  equal  zero  ( bloconcent ra t Ion  by  the  mallard  and 
the  eagle  are  both  negligible): 

BAF3  -  BCF3  »  f35CF2  ♦  f3f23CF3  (3) 

BAFgagle  “  ^ 3^2^’'”lnvert 
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where:  BCF3  ♦  £380?^  ■  0 

£3  -  (kB5_x_jl255_8/4u.5QQ_g/davi_x_24’5  -  O.AA  (5) 

0.026/day 

When  the  BCF  for  aquatic  Invertebrates  Is  3A0,  the  BAF  for  the  mallard  is 
260,  and  the  BAF  for  the  eagle  Is  llO- 

EathHai;_lHQi _ H2Q_=i-Aquatic_21ants_=a_yallard_=a_Bald_Easle — The  BCF  for 

plants  Is  based  on  observed  values  for  algae  (EPA,  1980c).  The  geometric 
mean  represents  the  BCF  for  aquatic  plants: 

BCFpiant  “180  (1) 

To  calculate  the  BAF  for  mallards,  the  food  term  £2  remains  the  same  as 
Pathway  One  except  for  the  percent  of  the  food  Item  In  the  diet.  Using 
equation  (2)  and  (5): 

BAF2  -  BCF2  *  f2BCFi  (2) 

8A^mallard  "  ^2®*'^plant 

where;  BCF2  «  0 

fq  -  Q^85_x_I52^4_g/UlQQ_gZday:i_x_3Q2-  -  0.51  (5) 

0.026/day 

The  food  terra  for  the  consumption  of  mallards  by  the  eagle,  £3,  remains  the 
same  as  the  Pathway  One  equation.  The  BAF  is  calculated  using  equations  (2) 
and  (5): 

BAF3  -  BCF3  ♦  f33CF2  *  f3f2BCFi  (3) 

BAFgagle  "  ^3^2®'-^plant 

where:  BCF3  and  f33CF2  -  0 

£3  -  Q^a5_x_i255_gZ<i^5QQ_8Zdayl_a_24^  -  O.'.i.  (5) 

0. 026/day 

When  the  BCF  for  aquatic  plants  Is  180,  the  BAF  for  duck  Is  92,  and  the  BAF 
for  eagle  Is  ZG. 


T 
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Eathwax-IhcEEi _ H2Q_=i-ElaiiklaDj._Al2a£_=a_Blufisill_=i_Elke_=:i_Bald_EaslE — 

Pathways  leading  to  the  bald  eagle  via  fish  are  more  complex  because 
bioconcentrat ion  occurs  at  each  trophic  level,  not  just  at  the  lowest 
trophic  level.  Inis  Introduces  a  fourth  factor  into  the  BAF  equation,  and 
the  eagle  is  at  Level  #4  instead  of  Level  #3-  The  BCF  for  plankton  is 
derived  from  the  data  for  algae  (EPA.  1980c): 

®^^plankton  " 

The  BCF  for  the  blueglll  (Lepoais  aacLDchlrus)  is  derived  from  studies 
Indicating  values  for  various  fresh  water  fish  species  ranging  from  1,6^0  to 
15,000  (EPA,  1980c).  A  geometric  mean  value  was  used  to  represent  the  BCF 
for  blueglll: 

®^fblueglll  ■  5>0'38  (1) 

If  a  blueglll  consumed  3  percent  of  its  body  weight  dally  (Chadwick  and 
Brocksen,  1969),  total  dally  Intake  would  be  a  factor  of  0.03  regardless  of 
body  weight  or  length.  Various  algal  forms  are  known  to  account  for  12 
percent  ot  the  blueglll’s  diet  (Martin  et  al-,  1961):  this  value  was  used 
for  the  percent  of  plankton  in  the  bluegllls  diet.  Using  equations  (2)  and 
(5): 


BAF2  -  BCF2  -  f2BCF]  (2) 

BAFfaiueglll  “  ®*-B'biuegl  11  ^2®^^plankton 

where:  f2  -  Q^a5_x_lD^Q3/dayl_x_12b  -  0.081  (5) 

0.038/da>- 

The  geometric  mean  BCF  derived  for  freshwater  fish  and  applied  to  blueglll 
was  also  applied  to  pike  (5,098).  If  pike  are  also  assumed  to  consume  3 
perrcent  of  their  body  weight  dally,  the  dally  Intake  term  is  0-03  regardless 
of  individual  weight  or  size.  For  the  purposes  of  the  analysis,  pike  are 
assumed  to  feed  entirely  on  small  fish,  represented  by  blueglll.  Using 
equations  (3)  and  (5), 
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BAF3  -  BCF3  *  f3BCF2  ♦  f3f2BCFi  (3) 

®'^^plke  “  ®^'‘plke  *  ^3®^^blueglll  *  ^3^2®^^plankton 

where:  f3  -  0-85  x  f  Q--.Q3./.dayl  a  .IQQ’t  -  0.67  (5) 

0. 038/day 

The  eagle  food  term  (f^,)  was  based  on  a  A, 500  g  eagle  consuming  255  g  food 
dailyi  of  which  66  percent  of  the  diet  is  fish  (Cash  at  al- <  1985).  The 
first  term  of  the  Level  equation  equals  zero.  Using  equations  (A)  and 
(5): 

BAF^  «  BCFz,  ♦  f/,f3BCF2  »  fz,f3f2BCFi  (A) 

BAFe3gie  ”  ^A^^^plke  *  ^A^3®^^blueglll  *  ^ A^3^2®^^plankton 

where;  BCF^  -  0 

f^,  -  Q^a5_*;_I25.5_gZ4^5QQ_8Zdayl_i:_66’<  -  1.2  (5) 

0.026/day 

When  the  BCF  for  plankton  is  180.  the  BAF  values  for  blueglll  and  pike  are 
5.100  and  8.500.  respectively.  The  BAF  value  for  the  bald  eagle  is  10.000. 

EaLhKay-lQur^ _ H2Q-=i-i“^£*^-Ebraias_=i_Blu£slll-=.i-2ike_=i_Baid_Ea§le — 

For  freshwater  mussels  (mixed  species)  exposed  for  21  days,  the  BCF  was 
3.000  (Jarvinen  and  Tyo.  1978),  and  for  a  freshwater  mussel  (Hyridella 
austcalis)  exposed  for  2A  days,  the  BCF  was  38  (EPA,  1979b).  A  geometric 
mean  was  calculated  to  represent  bloconcentrat ion  by  aquatic  invertebrates: 

BCFinvert  -  3A0  (1) 

The  BCF  for  the  blueglll  is: 

®^^blueglll  “  5,098  (1) 

If  a  blueglll  consumed  3  percent  of  its  body  weight  dally  (Chadwick  and 
Brocksen,  1969),  total  daily  intake  would  be  0-03  regardless  of  body  weight 
or  size.  Invertebrates  are  believed  to  account  for  88  percent  of  the 
bluegllls  diet  (Martin  2L  al.,  1961).  Usinp  ’quatlons  (2)  and  (5): 
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BAF2  -  BCF2  *  f2ECFi 
BAHlueglll  -  ♦  «2BCFinvcrt 

(5) 

where;  -  Q^85_X_lD.03J:da;fJ-X_aa?5  -  0-59 

0.038/day 

^  riu^A  for  freshwater  fish  and  applied  to  blueglll  was 
The  aeomctclc  mean  derived  for  ires 

.,so  ,„U,d  .o  pu.  ^  7"" 

M  .h«,r  ppdy  .P..X.  —  -  0  ”  "*•'  “;7 

1„41VU-P1  -.»!.<  or  FOP  .Po  P«rpooPO  ».  .ho  PP.lyP.o.  pi»»  "  . 

.o  Fp.d  -ur.l,  o„  S.PU  »='-■  rppr-pnp.a  P,  PUp^U..  Up.np 

equations  (3)  and  (5)« 

BAF3  -  BCF3  ♦  f3BCr2  ♦  f3f2B<^’^l 

BAFpUe  -  BCFpike  *  faBCFblueglU  ‘  f 3^ 2BCFlnvert 

where;  £3  -  C.a5-X_l.0.03/day  1-X_i00i  -  0-67 

0.033/day 

pp,  „S..  too.  .er.  <0.  0.0  P..P0  o.  .  o.POO  ,  ..pF.  »F  S 

Pally,  Pf  oPUP  6P  P.r=-F  o<  ""  ■“«  '=  a 

niai  ..IP  OF  .h.  Uval  -P  .,«..lo»  .,oala  ..ro,  ».l»g  e,o.»opa  (M 

(5);  (O 

BAF^  -  BCF^  ^  fAf35CF2  ’ 

BAFeagle  »  fABCFp.Ke  ^  f <.f TBCFblueglll  »  U 1 3f2BCF invert 


•i.here:  BCF^,  -  0 

iu  -  Q^aS  x_a55_3£A^5QQ-SZ!layi_x_662  ■  1-2 

0.026/day 

1  Invertebrates  Is  3a0>  the  BAF  for  blueglll  and  plhe 
When  the  BCF  for  aquatic  Invertebrates 

5.300  .PP  8,500,  r.op.clW.ly-  IP.  MF  tor  ..gl.  Is  lO'"™' 


Ro>suii.s_aad_2iscussiQn 

BAF  valu.s  as  derived  for  the  Individual  pathways  (Table  5.2-  . 

3ccu.ulatlon  In  separate  single  food  chains-  To  derive  overall  accu.^a 
in  the  =ntlre  food  web.  v,arlatlon3  of  the  following  equation  are  used. 
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Table  5.2-'29.  Sur-aary  of  Blcaccumulat Ion  Factors  for  each  Pathway 
for  Species  In  the  Endrln  Pathways  Analysis- 


Bluegill 

Pike 

Duck 

Kasaal 

Eagle 

Pa  t  hway  1 

— 

— 

260 

110 

Pathway  2 

— 

— 

92 

<•0 

Pathway  3 

5.100 

8.500 

-- 

-- 

10.000 

Pathway  9 

5.300 

8.600 

-- 

10.000 

Pathway  5 

0-99 

0.010 

Source: 


ESE.  1933. 
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BMFi  -  BCFi  *  ZfiBAFi_i 

For  each  of  the  major  trophic  levels  In  the  aquatic  Pathway  Analysis,  total 
blornagnlf Icatlon  Is  presented  In  Table  5-2-30.  Total  BMF  represents 
accumulation  of  residues  originating  In  sediments,  soli,  and  water  by  lower 
organisms  directly:  and  accumulation  of  residues  by  higher  organisms  via 
food  chain  exposure-  Because  dietary  percentage  contributions  have  been 
considered,  net  residue  accumulation  Is  a  function  of  the  accumulation  of 
residues  by  the  lower  trophic  levels- 

Total  BMF  can  be  used  to  determine  maximum  allowable  levels  of  endrln  In 
water  by  relating  water  concentration  to  a  MATC  as  follows  (Tucker,  1986): 

__MAIC _  -  C„  (6) 

Total  BMF 

When  the  MATC  Is  divided  by  total  accumulation  from  water  up  all  food  chains 
in  th,3  food  web.  a  "no  effects"  water  concentration  Is  obtained-  This  Is 
related  to  sediment  concentration  by  equation  (8): 

^^sed  “  ^w  ^oc  *  ^oc 

where;  «  9.100  (see  Section  5-2.5.6) 

fo5  -  0-0065  (E5ASCO,  1933) 

The  MATC  Is  obtained  by  cx.imlnlng  the  literature  for  the  lowest 
concentration  which  results  In  subleth.al  or  lethal  toxic  effecta: 


SEIC12" 

OSCAU 

Era 

EEZECI 

SOUECE 

Ma  Hard 

bra  In 

2 

death 

Spann  at  a. 

1-  . 

1936 

Bald  Bagla 

brain 

0.92 

de.ath 

Stlckel  et 

ai' 

.  1979 

Bald  Eagle 

carcass 

15 

death 

Stlckcl  ei 

al. 

,  1979 

K.a  1 1  a  rd 

b  r  a  I  n 

0.62 

death 

Stlckel  et. 

al- 

.  1979 
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Table  5.2-30. 


Total  Blomagnlflcat ton  of  Endrln  Residues  for  each  of  the 
Key  Organlcras  In  the  Aquatic  Pathways  Analysis. 


Organism 

Level 

Equation 

BMF 

Mallard 

#2 

rf2BCFi 

350 

Blueglll 

-2 

BCF2  *  Z  f2BCFi 

5,300 

Pike 

-3 

BCF3  *  f3B«fblueglll 

8,700 

Eagle 

•  3 . 

fi,BMFplke  .  fjSf^’^mallard 

11,000 

Source : 

ESE.  1983. 
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The  lowest  tissue  concentration  at  which  toxic  effects  were  observed  was 
0-62  ppm  In  mallard  brain  (Stlckel  et  al- •  1979).  In  this  studyi  various 
species  (Including  mallards  and  serveral  types  of  passerines)  with  brain 
concentrations  at  or  below  0-6  ppra  survived  testing,  while  birds  with  brain 
concentrations  of  0.8  ppm  and  greater  died  during  testing.  Brain 
concentrations  between  0-6  ppm  and  0.8  ppm  resulted  In  variable  mortality. 
Because  the  food  term,  fj^i  relates  to  whole  body,  health  effects  data  for 
brain  tissue  must  be  related  to  carcass. 

Brain  concentrations  can  be  approximately  correlated  with  carcass 
concentrations  from  data  presented  by  Stlckel  et  al.  (1979).  For  mallard, 
the  geometric  mean  of  residue  data  for  two  females  Indicates  a  brain  to 
carcass  ratio  of  0.39.  For  bald  eagle,  the  geometric  mean  of  residue  data 
for  three  eagles  Indicates  a  brain  to  carcass  ratio  of  0.75. 

Using  0.62  ppm  In  brain  to  represent  the  lowest  adverse  health  effects  level 
In  birds,  the  corresponding  carcass  concentration  for  mallard  Is  1-59  ppm, 
and  for  eagle  the  corresponding  carcass  concentration  Is  0.83  ppm.  Mallards 
fed  3  ppm  endrln  accumulated  up  to  2.5  ♦  0.^9  (Mean  *  SE)  ppm  In  carcass: 
one  male  died  and  reproductive  effects  were  observed.  Mallards  on  a  1  ppm 
endrln  diet  accumulated  up  to  1.1  ppm  In  carcass  with  no  adverse  effects. 
Therefore,  levels  below  11  ppm  probably  arc  sublethal  for  mallard- 

The  lowest  tissue  concentration  (0.83  ppm)  at  which  toxic  effects  are 
estimated  Is  divided  by  the  Total  BHF  for  the  bald  eagle  from  Table  5-2-30, 
then  corrected  with  :  thus,  giving  the  sediment  concentration  at  which 
"no  effects"  to  bald  eagle  through  food  chain  contamination  are  likely  to 
occur : 

_ MAUL _  -  C.j  -  »  7.5  x  10"^  ppm  (6) 

Total  BHF  11.000 


and  , 


Csed  -  X  X  fo„  -  7.5  x  lO'^  x  9,100  x  0.0065  -  0.00(45  pom  (0) 
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Since  the  total  BMF  Is  lower  for  mallard  than  bald  eagle,  corresponding 
criteria  would  be  less  stringent.  Therefore,  using  the  water  and  sediment 
ctiterla  based  on  the  bald  eagle  should  be  protective  for  mallards  and  other 
avian  species  lower  In  the  food  web  as  well.  The  criteria  developed  using 
.‘.he  Pathway  Analysis  does  not  satisfy  the  acceptable  levels  established  for 
surface  water  Ingestion  of  0-05  ppm.  Due  to  the  chronic  toxicity  of  endrln 
"o  aquatic  life,  predicted  "no  effects"  levels  based  oh  food  chain 
accumulation  are  not  protective  for  aquatic  life.  Therefore,  water  criteria 
should  be  based  on  the  EPA  (1980c)  water  quality  criteria  of  0-0023  ppb. 
with  corresponding  sediment  criteria  calculated  with  and  Kq^  of  0-00015 
ppm- 

5  -  2 .  ^  -  5  T  exr-6LS.tjLLa.L  JExos^Cejis.^ 

Methods 

The  terrestrial  pathways  -must  be  addressed  differently  than  the  aquatic 
pathways,  because  data  such  as  k2  and  assimilation  efficiency  are  lacking 
for  terrestrial  organisms-  BAFs  are  calculated  by  comparing  C^,  to  Cjigt  or 
Cgoil,  atid  loss  and  uptake  are  therefore  accounted  for- 

Eathyay_Ziv:e.t _ SQll_=a_IeErestrial_ElaDt3_=.i_Small_tiaca!als_=i_Bald_£asie  — 

Although  endrln  Is  accumulated  from  soil  by  plants,  the  EMFs  (concentration 
In  soil  compared  to  plants)  are  usually  less  than  one-  From  data  summarized 
In  EPA  (1979b).  EMF  values  were  found  to  range  from  O-OO'tS  for  radish  (whole 
plants)  exposed  for  5  weeks  to  8-91  ppm  endrln  In  soil,  to  1-11  for  carrot 
roots  exposed  to  3-6  to  3-8  ppm  In  soil  for  li2  days  (Table  5-2-31)-  Only 
data  for  which  soli  and  plant  values  were  given  were  used  to  calculate  the 
mean;  only  data  expressed  on  a  fresh  weight  basis  were  used.  In  order  to 
represent  concentrations  to  which  wild  mammal  populations  might  be  exposed- 
A  geometric  mean  (N-32)  was  used  to  represent  the  EMF: 

^MFplants  '  0031  (10) 

The  partition  coefficient  between  small  mammals  and  their  diet  Is  used  to 
define  bloaccuraulat  lor.  In  the  soil-based  food  chain  ( j. )  -  Mammals 
have  been  observed  to  accumulate  endrln  from  the  diet,  but  becaiise  endrln  Is 
rapidly  metabolized  by  mammals,  partition  coefficients  between  diet  and  fat 
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Table  5-2-31.  Bloaccutnulat Ion  Factors  for  the  Terrestrial  Food  Chain* 
Pathways  Analysis  for  Endrin 


Specie;-; 

H 

BAF 

Mean 

Source 

Plants 

32 

0-031 

EPA,  1979 

Mammals 

Cattle 

0-3 

Kenaga.  1980 

0-5 

Swine 

0-3 

1-28 

Geometric 

Mean 

for 

Mammals 

0-99 

Birds 

Mallard 

7.0 

Spann  et  al- . 
1986 

-A 

5.55 

Spann  et  al- • 
.1986 

Poultry 

9 

Kan,  1978 

7-10 

Kan,  1973 

7 

Kan,  1978 

10 

8.55 

Kan,  1978 

Geometric 

Mean 

for 

Birds 

6-9 

N  «  Humber  of  samples- 
Source:  ESE,  1988- 
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are  not  high.  Cattle  and  swine  concentrate  endrln  from  diet  Into  body  fat 
by  factors  of  0-3  to  1.28  for  dietary  concentrat Ions  of  2.5  to  5  ppm  In  diet 
(KenagSi  1980).  Data  for  small  mammals  were  unavailable  In  the  literature 
surveyed.  A  geometric  mean  was  used  to  represent  the  BAF: 

®A^mammals  “0'^^  (13) 

The  concentration  ratio  between  poultry  fat  and  feed  ranges  from  7  to  10 
(Kani  1978).  Slmlllar  results  are  observed  In  mallards,  where  fat  residues 
are  from  A  to  7  times  higher  than  residues  found  In  diet  (Spann  el  al-. 
1986).  A  geometric  mean  was  used  to  represent  the  BAF: 

BAFblrds  -  6-5  (13) 

The  terrestrial  pathway  Is  thus: 

0-031  X  0.ii9  X  6.9 
soli  ->  plants  ->  mammals  ->  eagle 

The  total  BAF  Is  calculated  by  multiplying  the  BAF  values  for  each  step  In 
the  soli  based  food  chain-  The  amount  accumulated  from  the  diet  by  the 
eagle  (assuming  an  accumulation  rate  equivalent  to  poultry  or  waterfowl)  Is 
0-10  times  the  amount  In  soli-  The  terrestrial  pathway  Is  10  percent  of  the 
eagles  diet:  therefore,  the  total  BMF  for  this  pathway  Is  0-010- 

Sesults_and_2iscussiQn 

Pathway  Five,  the  terrestrial  based  food  chain,  forms  10  percent  of  the 
eagle  diet.  "No  effects"  soil  criteria  can  be  estimated  as  follows: 

_ MAIC -  -  Cgoll  •  Qj.83  «  83  ppm  (6) 

Total  BMF  0-01 

Based  upon  observed  winter  feeding  behavior  of  bald  eagles  at  UMA ,  Pathway  5 
forms  approximately  90  percent  of  the  eagle  diet.  This  reduces  the  soil 
criteria  by  a  corresponding  amount: 

“  ("Soil  ”  0^83  " 

0-09 


Total  BMF 
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(6) 
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The  soli  criterion  derived  from  Pathway  Five  can  also  be  used  to  predict 
toxicity  to  small  mammals  exposed  to  contaminants  from  Ingesting 
contaminated  soil.  An  exposure  rate  as  a  function  of  the  acceptable  soil 
criteria  can  be  estimated  from  the  soil  criterion  and  the  soil  Ingestion 
rate  for  small  mammals  as  follows: 

Soil  Criterion  x  Soil  Ingestion  Rate  »  Dally  Exposure 

9.2  mg/kg  soli  X  0-000873  kg  soll/kg  bw/day  ■  0-0080  mg/kg  bw/day 

The  exposure  rate  based  on  a  soil  criterion  of  9.2  mg/kg  soil  Is  one  order 
of  magnitude  lower  than  observed  NOELs  for  small  mammals  (0-075  mg/kg  bw), 
and  therefore  direct  toxic  effects  are  not  expected  at  the  criterion  level 
of  9-2  mg/kg  In  soil-  The  dally  Intake  of  endrin  from  Ingesting  soli 
represents  a  conservative  estimate  as  an  assimilation  efficiency  of  100 
percent  Is  assumed. 

Because  b lomagnl f Icat Ion  In  the  terrestrial  food  chain  Is  less  than  1.  the 
terrestrial  food  web.  with  the  American  kestrel  as  the  top  carnivore,  will 
not  be  constructed  for  endrin- 

5.2.t(.6  Uncectainty-Anaiysis 

In  the  uncertainty  analysis,  all  of  the  Intake  rates  (R  values)  and  percent 
of  items  In  diet  are  treated  as  triangular  distributions  where  the  minima 
and  maxima  are  known  and  a  best  estimate  within  that  range  has  been 
determined.  Using  the  triangular  distribution  as  Input,  the  best  estimate 
will  be  more  likely  than  values  near  either  end  of  the  range-  Methodology 
for  the  uncertainty  analysts  Is  described  in  detail  In  the  forthcoming 
Offpost  Endangerment  Assessiiient  -  Diets  of  each  link  on  the  sink  food  web 
are  summarized  In  Table  5.2-32- 

Several  assumptions  were  made  In  order  to  conduct  the  analysis; 

o  The  diet  of  the  target  organism,  the  bald  eagle.  Is  supplied  only  by 
the  aquatic  food  chain,  with  ducks  and  pike  the  representative  prey 
organisms;  and 
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Table  5-2-32.  Dietary  Input  Factors.  Endrln  Pathways  Analysis. 
R  »  Total  Dietary  Intake  (day"^) 


Minimum 

Best 

Est imate 

Maximum 

Eagle 

0.51 

0.57 

0.76 

Mallard 

0.45 

0.52 

0.93 

Pike 

0.01 

0.03 

0.05 

Bluegill 

0.01 

0.03 

0. 05 

Percent  of  Item  in  Diet 

Eagle/Mallard 

14 

28 

42 

Eagle/Plke 

53 

72 

86 

Ha  Hard /  Invertebrates 

kO 

53 

75 

Mallard/Aquatic  Plants 

25 

42 

60 

Bluegill /Plankton 

6 

12 

18 

Bluegill /Invertebrates 

82 

88 

94 

Source ; 


ESE.  1988. 
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o  Absorptloni  or  assimilation,  of  Ingested  endrln  Is  assumed  to  be  100 
percent . 

BCFs  for  endrln  have  been  measured  for  several  species-  Based  on  four 
measured  values,  the  BCr  for  plants  and  plankton  was  Input  as  normal  with  a 
mean  of  180  and  a  standard  error  of  19-  Two  reported  values  for  aquatic 
Invertebrates  were  quite  divergent  at  38  and  3,000-  To  reflect  this 
uncertainty,  a  log  triangular  distribution  was  used  with  a  minimum  of  38,  a 
mode  of  3A0  (best  estimate)  and  a  maximum  of  3,000-  In  reviewing  the  • 
Ambient  Water  Quality  Criteria  Document  (EPA,  1980c)  for  endrln  and  several 
of  the  primary  references  cited  by  that  report,  nine  Independent  sources  of 
Information  regarding  the  endrln  BCF  in  fish  were  Identified-  These  are 
summarized  In  Table  5-2-33-  These  values  appear  to  follow  a  lognormal 
distribution  with  a  mean  of  ^,,800  ♦  1,500- 

Endrln  depuration  rates  In  fish  have  bean  measured  by  Sudershan  and  Khan 
(1980s  kj  »  0-02  day  In  blueglll),  Jackson  (1976;  0-06  *  0-01  day  In 
channel  catfish),  and  Argyle  et  ai- ,  (1973:  0-12  day  in  channel  catfish)- 
Based  on  these  data,  an  input  uncertainty  distribution  for  k2  In  fish  was 
represented  as  a  lognormal  distribution  with  a  mean  of  0-07  day  and  a 
standard  error  of  0-03- 

Endrln  depuration  in  birds  has  been  studied  by  Cummings,  el  al-,  (1967)  and 
Heinz  and  Johnson  (1979).  Heinz  and  Johnson's  data  were  weighted  more, 
heavily  because  they  studied  mallard  ducks,  a  component  of  the  aquatic  food 
web  for  eagles,  while  Cummings  ai  al-,  (1967)  studied  hens-  Heinz  and 
Johnson  (1979)  reported  a  first  order  rate  constant  of  0-23  day"^,  but  this 
result  was  based  on  scaling  the  data  by  the  square  root  of  time,  which  Is 
not  the  standard  definition  of  a  first  order  race  constant-  A  reanalysis  of 
their  data,  using  only  results  beginning  four  days  after  endrln  dosing  was 
discontinued,  indicates  a  depuration  rate  from  carcass  of  0.035  day"^  and 
0-0^5  day"^  from  blood  data.  The  carcass  data  was  weighted  higher  than  the 
blood  data.  These  data  were  evaluated  along  with  Cummings'  data  from  fatty 
tissue  (0.0223  day"^)  and  muscle  (0.011  day”^)  In  hens.  Based  on  all  these 
data,  an  uncertainty  distribution  for  k2  was  established  as  a  lognormal 
distribution  v/lth  a  mean  of  0.031  day"^  and  a  standard  error  of  0-007. 


«> 
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Table  5.2-33-  BCFs  Used  to  Perforin  the  Uncertainty  Analysis.  Endrln 
Pathways  Analysis 


BCF 

Species 

Source 

Comments 

21,000 

Medaka 

Johnson  (1967) 

Geometric  mean  of 
range  reported  by 
Jarvinen  and  Tyo 
(1978) 

10.000 

Fathead 

Minnow 

Mount  £i  Putnlckl 
(1966) 

Reported  by  Jarvinen 
and  Tyo  (1973)  ' 

8,300 

Flagf Ish 

Herraanutz  (1978) 

Geometric  mean  of  12 
values  reported 

7,000 

Fathead 

Minnow 

Jarvinen  S.  Tyo 
(1978) 

5.012 

Fathead 

Minnow 

Davies  S.  Dobbs 
(1978) 

Reinterpretation  of 
Jarvinen  £«  Tyo's  data 

A. 050 

not  specified 

Schlanel .  et  al • 
(1975) 

Reported  by  Kenaga 
and  Goring  (1978) 

1.310 

Channel 

Cat  f Ish 

Argyle.  at  al- 
(1973) 

Reported  by  EPA 
(1930) 

l.ASO 

not  specified 

Neely,  el  al • 

(197M 

1,360 

not  specified 

Metcalf  (197A) 

Reported  by  Kenaga 
and  Coring  (1973) 

Source : 

ESE,  1938. 
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Kq{.  has  not  been  measured  experimentally  for  endrlnt  so  It  Is  necessary  to 
rely  on  estimates  based  on  either  solubility  or  Kq„.  Widely  divergent 
values  of  endrln's  log  Kq^  have  been  reportedi  Including  a  purported 
measured  value  of  3-2  (Rao  and  Dlvldson,  1983),  and  estimated  values  as  high 
as  5-6  (Mabey  et  ai- ,  196A;  Kenaga,  1980:  Neely  ei  al-,  197^:  Kadeg  et  al- , 
1986).  Based  on  the  varlabllty  In  reported  values,  high  uncertainty  Is 
attributed  to  a  "best  estimate"  of  A-O-  This  estimate  was  applied  to 
estimate  log  Kq^,  from  Lyman  et  al-  (1982)  equation  A-8,  Lyman  and  Lorettl’s 
(1987)  equation  I,  and  the  prediction  equation  developed  by  Kadeg  el  al-, 
1986-  To  each  of  these  estimates  a  standard  error  of  1-0  log^Q  units  Is 
attributed-  The  results:  however,  of  these  predictions  were  consistent, 
ranging  from  3-6  to  3-7- 

Kq2  rasy  also  be  estimated  from  water  solubility-  Using  equation  A-5  of 
Lyman  ei  ai-  (1982),  and  the  measured  solubility  of  230  mg/1  (Richardson  and 
Miller,  1959),  an  estimated  log  Kq^.  of  A.O  Is  calculated.  Because  It  Is 
based  on  a  measured  solubility,  this  value  was  weighted  more  heavily, 
resulting  In  a  "best  estimate"  of  3-8-  Although  each  Individual  estimate  Is 
relatively  uncertain,  the  estimates  are  consistent,  and  the  value  Is 
probably  reliable  to  a  factor  of  5-  As  an  Input,  a  lognormal  with  a  mean  of 

9,100  and  a  standard  error  of  6,800  was  used- 

Organic  carbon  content  of  the  sediment  of  the  RMA  lakes  Is  a  measured  value 
(EBASCO,  1938)-  In  the  upper  1  foot  (ft)  of  sediment,  organic  carbon 
appears  to  follow  a  lognormal  distribution  with  a  mean  of  0-65  percent  and  a 
standard  deviation  of  0-62  percent. 

Results  for  endrln  are  summarized  as  follows:  the  best  estimate  of  BMF  is 

27,700  with  95  percent  confidence,  with  upper  and  lower  bounds  of  118,000 

and  7,115,  respectively.  The  median  estimate  of  the  ambient  water 
concentration  that  will  not  result  In  unacceptable  tissue  concent ra t lo'ns  In 
bald  eagles  is  0-030  ppb,  with  upper  and  lower  bounds  of  0-119  and  0-007 
ppb,  respectively.  The  corresponding  sediment  bounds  are  0-00797  ppm  and 
0.001A6  ppm,  for  a  best  estimate  of  0-00129  ppm- 
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For  the  terrestrial  food  chain.  It  was  assumed  that  all  the  factors  were  log 
normal.  The  50th  percentile  Is  the  best  estimate  with  lower  and  upper 
bounds  of  5th  and  95th  percentiles-  It  was  assumed  for  purposes  of  the 
analysis  that  the  terrestrial  food  chain  comprised  100  percent  of  the 
eagle's  diet. 

The  best  estimate  of  BMF  Is  0.10:  with  lower  and  upper  bounds  of  0.0<i8  and 
0.215,  respectively.  The  best  estimate  of  a  ”no  effects"  soil  concentration 
is  8.1  ppm,  with  lower  and  upper  bounds  of  3-9  and  17.3  ppm,  respect Ively- 

Suminacy_and_ConclusiQns 

Endrln  bloaccumulates  In  aquatic  ecosystems,  and  to  a  lesser  extent  In 
terrestrial  ecosystems.  Total  residue  magnification  In  the  terrestrial  food 
chain  Is  0.10  times  the  amount  In  soil-  Residue  magnification  In  the  bald 
eagle  aquatic  food  web  Is  by  a  factor  of  11.000- 

Based  on  the  Pathway  Analysis,  "no  effects"  levels  In  water,  sediments,  and 
soil  on  RMA  are  0-075  ppb,  O-OOAS  ppm,  and  9.2  ppm,  respectively- 
Acceptable  levels  In  surface  water  are  0-05  ppm  based  on  toxicity  to  avian 
species:  therefore,  the  Pathway  Analysis  approach  does  not  provide  a  level 
In  water  stringent  enough  to  protect  biota  consuming  surface  water- 
However,  due  to  the  bloaccumulat ion  potential  of  endrln  In  aquatic 
organisms,  criteria  based  on  aquatic  life  are  lower  than  criteria 
established  based  on  surface  water  Ingestion  or  by  using  the  pathways 
approach.  For  this  reason,  the  acceptable  levels  In  water  are  the  EPA 
criteria  of  0-032  ppb,  with  corresponding  sediment  criteria  of  0-0019  ppm, 
calculated  using  Kq,,  and  f  o(- -  Because  endrln  Is  chronically  toxic  at  low 
levels,  soil  criteria  were  adjusted  to  protect  small  mammals  from  chronic 
effects  due  to  soil  Ingestion- 

The  site-specific  criteria  for  abiotic  media  at  RMA  are  summarized  as 
fol lows : 
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Water 

Sed Iment 

Soli 

aethcid _ 

Ippbl 

_Ippa)l _ 

Ippol 

Water  Ingestion 

•50 

2.96 

NA 

Aquatic  Pathways 

Analysis 

0.075 

0.0045 

NA 

Aquatic  Life 

0.032 

0.0019 

NA 

Terrest  r la  1 

Pathway  Analysis 

NA 

NA 

9.2 

5.2.5  PATHWAY  ANALYSIS  FOR  MERCURY 
5.2.5. 1  BacksrQucd.Inforaation 

Mercury  compounds  tend  to  be  persistent  In  the  environment  and  are  known  to 
accumulate  In  food  chains  (Bothner  et  ai. .  1980:  Cough  et  al..  1979). 

Mercury  was  selected  for  Pathway  Analysis  because  of  its  known  distribution 
on  RMA  (ESE.  1987,  RIC>*83209R02 ) .  its  toxicity  and  persistence  In  the 
environment,  and  Its  high  potential  for  bloaccumulat Ion.  Methylmercury  Is 
more  chronically  toxic  than  Inorganic  mercury:  therefore,  criteria  based  on 
toxicity  of  methylmercury  are  protective  of  Inorganic  mercury  exposure  as 
well.  Mercury  levels  In  western  soils  range  from  <0-01  to  A. 6  ppm 
(Shacklette  and  Boerngen,  1984).  Mercury  concentrations  In  unpolluted 
natural  water  ranges  from  0-02  to  0-1  ppb  (Moore  and  Ramamoorthy,  1934). 

Concentration  factors  obtained  for  methylmercury  were  assumed  to  represent 
Inorganic  mercury  as  well  because  methylatlon  occurs  readily  In  the 
environment  (Gough  el  al-.  1979).  In  addition,  methylmercury  Is  generally 
more  toxic  than  Inorganic  mercury,  and  methylmercury  Is  more  readily 
accumulated  by  biological  receptors-  The  chronic  criteria  for  the 
protection  of  aquatic  organisms  and  their  uses  are  based  on  bloconcent ra t Ion 
and  toxicity  of  methylmercury  (EPA,  1935c).  Therefore,  using  values  for 
methylmercury  to  represent  chronic  toxicity  and  accumulation  of  all  forms  of 
mercury  Is  consistent  with  EPA  methodology.  For  organisms  at  the  bottom  of 
the  food  web,  concentration  factors  for  total  mercury  and  methylmercury  were 
considered  because  the  data  were  derived  from  RMA  samples. 
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Mercury  Is  toxic  to  all  foras  of  biota  In  both  aquatic  and  terrestrial 
ccosystees ■  The  freshwater  acute  criterion  for  mercury  Is  2.^  pph,  and  the 
chronic  freshwater  criterion  Is  0-012  ppb  (EPA,  1935c).  Many  factors 
Influence  toxicity  of  mercury  such  as  alkalinity,  pH,  and  temperature  (EPA, 
1985).  Organic  mercury  Is  A  to  31  times  more  toxic  to  several  aquatic 
species  than  Inorganic  forms  (EPA,  198*'  )• 

Elants — Inorganic  mercury  produces  toxic  effects  In  plants  at  concentrations 
ranging  from  5  to  3,A00  ppb  (EPA,  1935c).  These  toxic  effects  Include  the 
lethal  concentration  for  50  percent  of  the  population  (LC50)  as  well  as  the 
effective  concentration  for  50  percent  of  the  population  (ECjq)  effects 

such  as  Inhibition  of  growth  or  cell  division.  Other  studies  indicate  toxic 
effects  at  80  to  2,600  ppb  Inorganic  mercury,  whereas  met hylmercury  results 
In  toxic  effects  at  concentrations  as  low  as  4-8  ppb  (EPA.  1980e). 

The  uptake  rates  of  Inorganic  and  organic  mercury  compounds  are  similar  In 
aquatic  plants,  although  methylmercury  compounds  are  more  toxic  (Mortimer  Bk 
al.i  1975:  EPA,  1985c).  Uptake  Is  a  result  of  both  absorption  ,snd 
adsorption,  and  Is  proportlon.il  to  water  concentration  (^K?rtlmcr  ei_  aX,  . 
1975).  In  rooted  macrophytes,  uptake  also  occurs  from  absorption  of  mercury 
from  Interstitial  water  by  roots  (Huckaber  et  al.  ,  1979;  Forstner  .and 
Hlttm.an,  1979). 

Terrestrial  v.ascul.ar  phints  are  rel.stlvely  Insensitive  to  the  to.xlc  effects 
of  mercury,  and  way  accumul.ite  high  levels  Into  tissues  before  effects  oc.tur 
(Cough  et  ai.,  1979).  Se^d.s  1  n.s ub.i t ed  for  3  to  7  d.tys  In  Viercury  solutions 
exeeedlng  100  ppm  failed  to  germinate,  and  growth  o'  cucumber  rootri  w.is 
Inhibited  .st  1  ppm  mercuric  chloride  solution  (Siegel  ct  ai  •  .  19*1). 

Mercury  accumul.-ites  from  the  soil  through  the  root.s.  an.l  from  a  t  r  liy 
retention  on  the  above  ground  parts  of  herb.aceous  pl.int.s  and  .absorption  by 
stomata  (Shaw  tnd  P.anlgr.ahl,  19.96).  Little  .accumu  1  .a t  l cn  Is  exp.?cted  In 
plants  ?;rowr.  on  normal  .sells  (Cough  el  aj...  1979).  In  ,1  .study  of  m-jrcury 
accumul.nt  Ion  In  different  plant  tltsues.  approx  I'j'ate  1  y  twice  .as  much  rsercury 
is  foun.J  in  li?aves  as  in  rf>ot  s ,  stems,  or  fruits  (Chaw  nr.l  r.a;i  1  gr  ahi  , 

M.sgnl  f  Ic.at  l.on  f.ictors  for  upt.aka  from  soil  detormln.erl  from  seven  comnon 
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garden  vegetables  and  herbs  yield  an  estimated  range  of  values  from  0.19  to 
0./il  on  a  wet  weight  basis  (Sharlatpanahl  and  Anderson> • 1986)  ■  assuming  a 
dry  weight  to  wet  weight  correction  factor  of  0-5  (Bies  el  al*.  1984). 

&£luatic_Iiivcclebi:at2S--The  LC5Q  values  for  aquatic  Invertebrates  acutely 
exposed  to  Inorganic  mercury  range  from  1.5  to  2,100  ppb  (EPA.  1985c). 

Snail  embryos  (Amnicola  sp.)  were  the  most  resistant  of  the  Invertebrates 
tested,  and  Daphala  aagna  were  the  most  sensitive.  Chronic  toxicity  values 
for  exposure  of  D.  magna  to  Inorganic  mercury  In  life  cycle  tests  ranged 
from  0.72  to  1.82  ppb  (EPA,  1985c).  Daphnia  were  more  sensitive  in  chronic 
exposure  to  met hylmercury  compounds  than  to  Inorganic,  with  effects 
occurring  at  0.04  ppb,  the  lowest  level  tested  (EPA,  1935c). 

Aquatic  macrolnvartebrates  are  not  as  sensitive  as  protozoans  and  algae. 

The  aquatic  Invertebrates  Acteala  spp.  and  Oaiscas  spp.  survived  200  times 
greater  dosages  for  exposure  durations  2  to  10  times  longer  than  protozoans 
and  algae  (Siegel  ct  al • ,  1971).  At  d Imet hylmercury  levels  of  7  ppm  for  a 
5-h  exposure,  planarla  are  Immobll l.zed  and  disintegrated:  lucbalcix  spp-  are 
Immobilized  after  approximately  7  d.iys  at  exposures  of  10  ppm 
d Imethylmercury  (Siegel  ez.  al.,  1971).  Other  aquatic  macrolnvcrtebratcs  are 
affected  at  levels  of  100  ppm  and  grc.atcr.  at  exposure  tlaes  ranging  from  1 
hour  to  50  hours:  observed  toxic  effects  Included  bch.avloral  abnormalities, 
Imrrwbi  1 1  za  t  Ion  ,  and  death  (Siegel  et  ai.,  1971). 

The  half-life  of  mercury  In  zooplankton  .and  Daphnia  Is  approximately  3  day.s 
(Huckabee  et  al-,  1979).  The  half-life  In  a  freshwater  nussol  was  reported 
to  be  194  day.'!  for  exposure  to  Inorganic  mercury  and  860  day.s  for 
me t hy 1 mercu ry  (Huckabee  ct  ai  •  .  1979). 

Eish--I.C5f)S  for  fish  expo.scd  to  Inorganic  mercury  under  flow-through 
conditions  r.snge  from  150  to  420  ppb  (EFA.  19g5c).  The  IC3Q  v.alue;!  for 
tl.sh  exposed  to  or,ganlc  mercury  compounds  under  flow-through  conditions 
ranged  from  24  to  34  ppb  (EPA,  1983c)-  F.athe.id  minnows  (Ei-mephalcs 
pcone.la.ri)  exposed  to  Inorganic  mercury  h.ad  adverse  effects  at  the  lowest 
concentration  tested.  0-23  ppb.  In  an  e.arly  life  stage  test  and  a  life  cycle 
test  (EPA.  n93c). 
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The  symptoms  of  acute  mercury  poisoning  In  fish  are  flaring  of  gill  coversi 
Increased  frequency  of  respiratory  movements,  loss  of  equilibrium,  and 
sluggishness  (Armstrong,  1979).  Chronic  mercury  poisoning  symptoms  In  fish 
are  emaciation,  brain  lesions,  cataracts,  and  CN.9  effects  such  as  abnormal 
motor  coordination,  erratic  behaviors,  and  Inability  to  capture  food 
(Armstrong,  1979;  Hawryshyn  et  al- ,  1932). 

At  concentrations  of  10,  50.  and  100  ppb,  the  ability  of  mosquito  fish 
(Ganbusia  affinis)  to  avoid  predation  by  bass  was  Impaired  (Kanla  ei  al-, 
197A).  Concentrations  of  0-3  to  A  ppb  did  not  produce  adverse  effects  as 
measured  by  Increased  oxygen  consumption  by  rainbow  trout  (SalnsQ  gairdneci) 
(Kanla  and  O'Hara,  197A).  Mercury  In  water  at  concentrations  of  10  ppb  over 
an  exposure  period  of  21  days  altered  the  opercular  rhythm  In  largemouth 
bass  (biCEOplsEUS  saitcaidss)  (Morgan,  1979).  Phenylmercur Ic  acetate  at 
concentrat Ions  of  0-11  to  1-1  ppb  caused  growth  Inhibition  In  rainbow  trout 
(Hatlda  fit  al.,  1971). 

The  half-life  of  mercury  In  fish  can  be  as  long  as  2  to  3  years,  and 
decreased  tissue  concentration  Is  primarily  due  to  dilution  from  growth  as 
opposed  to  excretion  (EPA,  1985c).  The  half-life  of  mercury  In  fish  ranges 
from  20  days  for  guppies  to  1,000  days  for  mosquito  fish,  brook  trout 
( Sai:/2.1inus  focilnaiis),  and  rainbow  trout  (Huckabee  ei  ai-,  1979).  In 
blueglll  (Lepoais  nacrochirus)  exposed  to  met hyl mercury  and  guppies 
(Eoeciiia  ceiiculata)  exposed  to  Inorganic  mercury,  elimination  has  been 
observed  to  be  a  two  step  proce.ss  consisting  of  an  Initial  fast  stage  and  a 
second  slow  stage  (Burrows  and  Krenkel.  1973:  Kramer  and  Neldhart,  1975). 

In  pike  ( Esqx  iucius),  the  half-life  of  methylmercury  was  690  days 
(Jarvenpaa  eP  ai-,  1970). 

Blccl.s--The  LDjgs  for  quail,  GoPuraix  japoalca.  for  Inorganic  and  organic 
mercury  are  42  and  13  Kg  bw.  respectively  (Hill.  1954).  The  5-day 
dietary  LC3QS  for  qu^ll  for  Inorganic  and  organic  mercury  are  5.0S6  and  47 
ppm.  respectively  iHlll,  1934).  The  ECjq  v,alues  for  five  different  organic 
mercurials  for  10  bird  species  range  from  11.5  mg/kg  bw  to  greater  th.an  8G 
mg/kg  bw  (McEwen.  196.3). 
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Concentrations  of  Inorganic  mercury  of  250  ppm  and  higher  In  Ingested  water 
for  35  days  caused  death  and  decreased  growth  of  chlckens>  whereas  no 
effects  were  observed  at  concentrations  of  5.  25.  and  125  ppm  (Parkhurst  and 
Thaxton,  1973).  From  a  water  Ingestion  rate  for  chickens  of  0-25  1/kg 
bw/day  (Sa-x,  198i.)  and  the  highest  NOEL  in  Ingested  water  of  125  ppm,  a  NOEL 
is  estimated  of  31.25  mg/kg  bw/day. 

The  subchronic  lethal  dietary  concentration  of  methylraercury  for  young 
chickens  Is  5.09  ppm  (0.21  mg/kg  bw)  (Soares  et  al- .  1973).  In  raptors, 
dietary  levels  of  7  to  10  ppm  can  result  In  lethal  effects  (Flmrelte  and 
Karstad.  1971).  Ring-necked  pheasants  subchronlcally  dosed  by  oral  capsule 
with  an  ethylmercury-contalnlng  fungicide  had  decreased  reproduction  at 
mercury  dose  level.s  of  0-6^  mg/kg  bw/day  (McEwen  et  ai. .  1973). 

The  responses  of  blr-Js  exposed  to  raethylmercury  Include  mortality,  decreased 
survivability  of  young,  loss  of  body  weight,  behavior  abnormalities,  and 
physical  malformations  In  offspring  (Heinz,  1975:  Heinz.  1979*.  Flmrelte  and 
Karstad.  1971;  Hoffman  and  Moore.  1979:  Borg.  1970:  Soares  el  ai-.  1973), 
Responses  of  birds  e.xposed  to  Inorganic  mercury  Include  mortality,  abnormal 
sexual  maturity,  and  depressed  growth  (Parkhurst  et  al.,  1973:  Hill  et  ai-, 
193^).  Studies  conducted  on  mallard  ducks  (Anas  platytynchos )  and  ring- 
necked  pheasants  (dhasianus  colchicus)  Indicated  that  methy Imercury  In  the 
diets  of  fe.males  Increased  embryo  mortality,  decreased  egg  production,  and 
reduced  the  hatchablllty  of  eggs  (Heinz,  1979:  Prince,  1981:  Spann,  1972: 
Flmrelte  and  Karstad,  1971:  Blrge  and  Rob.erts.  1976).  Because  of  the 
sensitivity  of  the  avian  embryo,  concentrations  of  mercury  that  are  not 
lethal  to  adults  may  prove  lethal  to  chicks  (Blrge  and  Roberts.  1976).  When 
laying  females  are  fed  met hy Imet cury .  embryonic  mortality  Is  greatest  during 
late  stages  of  incubation  and  In  offspring  within  the  first  four  days  after 
hatching  (Prince,  1931). 

Brain  concent ra t Ions  of  10  ppm  are  diagnostic  for  poisoning  for  birds 
(Sraune,  1937).  Lethal  brain  levels  In  th.e  goshawk  (Accipi.t2E  g-  gantill.s)) 
were  observed  to  be  30  to  90  ppm  (Borg  at  ai-,  1970).  In  phe.asants,  30  to 
130  ppm  in  llv-er  .and  kidney  correlated  with  l-ethal  effects  (Borg  et.  al  ■  , 


5-263 


C-R>!A-O9\BIORIS03.2.269 

5/2/89 


1969).  Lethal  levels  for  leghorn  cockerels  were  13  ppm  In  dleti  with 
observed  concentrations  of  10  ppm  In  liver  (Flmreltet  1970).  Lethal  levels 
In  liver  of  pheasants i  magplesi  and  jackdaws  ranged  from  as  low  as  30  to  as 
high  as  200  ppm  (Borg  et  al- .  1969a).  Lethal  levels  In  liver  of  American 
kestrels  (Ealco  sparvarius)  fed  a  diet  of  contaminated  mice  were  A9  to 
122  ppm  (Koeman  ei  al.i  1971). 

Exposure  to  mercury  at  sublethal  concentrations  produces  a  wide  range  of 
reproductive  effects  for  birds.  Wlemeyer  et  al.  (198^)  observed  that 
0-5  ppm  In  diet  resulted  In  fewer  eggs  laid  by  mallards,  and  decreased  the 
number  of  young  produced:  the  residue  levels  In  eggs  were  0-79  to  0-86  ppm. 
Pheasants  exposed  to  mercury  In  diet  also  produced  significantly  fewer  eggs 
and  had  higher  embryo  mortality  than  controls  (Spann  et  al- >  1972).  Residue 
levels  In  pheasant  eggs  that  correlated  with  decreased  hatchablllty  were 
between  0.5  and  1.5  ppm  In  a  study  by  Flmrelte  and  Karstad  (1971),  and 
between  1.3  to  2.0  ppm  In  another  study  (Borg  eX  al-,  1969b). 

Behavioral  effects  such  as  hypersensitivity  to  frightening  stimuli  were 
observed  for  mallard  ducklings  when  parents  were  fed  0.1  and  0-6  ppm  mercury 
In  diet  (Heinz,  1975):  hens  fed  0.1  ppm  In  diet  had  1  ppm  In  eggs- 
Methylraercury  externally  applied  to  eggs  reduced  hatchablllty  at 
concentrations  as  low  as  1  ppb,  and  decreased  chick  survival  after  treatment 
with  0-9  ug  Hg  per  egg  (Hoffman  and  Moore.  1979). 

tlaatDals--The  LDjq  for  mule  deer  is  17.83  mg/kg  bw  (Hudson  et  al.,  ISS't). 

The  LC50  for  mammals  Is  approximately  1  to  5  ppm  In  diet  (Elsler,  1937).  In 
mammals,  more  than  90  percent  of  methylmercury  In  diet  Is  absorbed  (Berglund 
and  Berlin,  1969).  The  toxic  effects  of  mercury  result  from  affinity  for 
sulfhydryl  groups,  enzyme  Inhibition,  and  precipitation  of  proteins 
(Clarkson,  1971 ) . 

Mercury  can  have  a  synergistic  action  with  temperature  stress.  a.s  Indicated 
by  a  toxic  level  to  mink  of  1.0  ppm  methy l.mercury  (estimated  as 
approximately  0-05  mg/kg  bw/day  from  a  food  Intake  for  cats  (Sax,  193^,))  In 


5-269 


C-RMA-09\BIORI503. 2 -270 
5/2/89 


diet  when  mink  were  maintained  outdoors  In  winter  (Wren  ei  al-.  1987),  and 
Increased  toxicity  of  methylmercury  when  rats  were  maintained  at  high  or  low 
temperatures  (Yamaguchl  at  al- .  193A  In  Wren  ei  al- .  1987). 

Rats  exposed  to  800  ppm  Inorganic  mercury  died  (Gough  ei  al- ,  1979).  Pigs 
exposed  to  methylmercury  Intravenously  by  a  2  mg/kg  bw  dose  had  no  toxic 
effects  (Gyrd-Hansen,  1981)-  Rats  exposed  to  0.2,  1,  and  5  ppm 
methylmercury  In  diet  (estimated  doses  of  0-015,  0-075,  and  0-375  mg/kg 
bw/day  (Sax,  198A))  reached  equilibrium  with  diet  In  6  months  (Berglund  and 
Berlin,  1969).  Toxic  effects  were  not  observed,  and  concentrations  In  brain 
tissue  were  8  ppm  (Berglund  and  Berlin,  1969).  The  loss  rate  from  tissue 
was  0-02  day”^  (Berglund  and  Berlin,  1969).  Subchronic  dietary  exposure  of 
rats  to  methylmercury  re.sulted  In  decreased  body  weights  at  dose  levels  of 
0-13  mg/kg  bw/day  (Soares  et  al-,  1981). 

Methylmercury  administered  to  rats  In  a  .single  dose  of  10  mg/kg  bw  caused 
changes  In  cerebellar  neurons,  swelling  of  the  granular  cells  in  the 
cerebellar  hemispheres,  and  changes  In  the  granulated  endoplasmic  reticulum 
(Syverssn  ei  ai  •  ,  1981).  Methylmercury  administered  dally  to  rabbits  at 
7.5  mg/kg  bw  for  1  to  A  days  produced  degenerative  changes  In  cerebellar  and 
cerebral  neurons  (Jacobs  si  ai-,  1977). 

Kidney  and  liver  accumulate  the  highest  amounts  of  methylmercury  (Gyrd- 
Hansen,  1931:  Berglund  and  Berlin,  1969).  Concentrations  of  8  ppm  brain 
tissue  or  higher  correlate  with  neurological  symptoms  In  cats  and  dogs, 
while  In  mice  and  rats  concentrations  of  10  ppm  or  higher  and  A9  ppm, 
respectively,  correlate  with  neurological  symptoms  (Berglund  and  Berlin, 
1969).  A  single  dose  of  methylmercury  of  10  mg/kg  bw  administered  to  rats 
resulted  In  brain  tissue  concentrations  of  l-A  to  2-2  ppm  (Syversen  ei  al ■ , 
1931) . 

The  whole  body  half-life  of  methylmercury  varies  from  7  days  In  mice  to 
29  day.s  in  sheep,  while  primates  have  whole  body  half-lives  exceeding 
50  days  (Gyrd-Hansen,  1931).  The  half-life  of  me t hy Imercury  In  blood  was 
25  days  for  pigs  (Gyrd-Hansen,  1931)-  The  half-life  In  rats  Is  15  to 
20  days  (Swer.sson  and  Ulfvarson.  i958b)- 
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Bioaccunulaiion-Qf-Mfircurz 

Aquatic_£cQsj'sl.eas--Methylmercury  Is  soluble  In  water,  and  can  be  readily 
accumulated  Into  biological  tissue  (Cough  et  al- ,  1979).  Observations 
Indicate  that  mercury  is  magnified  within  aquatic  food  chains  but  that 
concentrations  in  terrestrial  animals  are  low  unless  diets  are  highly 
contaminated  (NAS,  1978).  Aquatic  Invertebrates  such  as  mussels 
(Macgaritifaca  nargacitifera)  have  BCFs  for  Inorganic  and  organic  mercury  of 
302  and  2,A63,  respectively  (Melllnger,  1973).  Freshwater  clams  (mixed 
species)  exposed  to  mercury  at  levels  below  the  detection  limit  of  0.03  ppb 
In  water  concentrated  mercury  over  A, 000  times  as  compared  to  the  detection 
limit  (Wren  and  MacCrlmmon,  1986). 

The  levels  of  organic  mercurials  In  aquatic  Invertebrates  and  plankton  are 
extremely  variable  due  In  part  to  variations  In  food  habits  (Moore  and 
Ramamoorthy,  198A),  and  physical  location  In  the  water  column  (Hamellnk  el 
ai- ,  1977).  Zooplankton  .’.ear  the  bottom  had  higher  levels  of  mercury 
than  those  found  In  the  upper  portions  of  the  water  column  (Hamellnk 
1977). 

In  fish,  uptake  has  been  observed  to  be  proportional  to  water  concentration, 
and  can  be  predicted  by  correlating  water  concentration  with  rate  of  oxygen 
consumption  (Rogers  and  Beamish,  1981).  However,  biota  mercury  levels 
exhibit  great  variability  between  adjacent  bodies  of  water  due  to  differing 
environmental  conditions  (Wren  and  MacCrlmmon,  1985).  Methylmercury  uptake 
In  fish  Increases  with  Increasing  temperature  and  water  concentration  of 
mercury  (Rodgers  and  Beamish,  1981),  and  Increases  In  lakes  with  lower  pH 
(Wren  and  MacCrlmmon,  1986).  Other  factors  Influencing  uptake  are  size,  or 
age  of  fish,  breeding  status,  food  ingestion  rate,  species,  and  metabolic 
differences  (Huckabee  si.  ai.  ,  1979). 

Fish  BCFs  are  documented  as  high  as  10®  (Johnels  ei  al.,  1967).  Johnels  e.t 
al,  (1967)  observed  concentration  factors  of  3,000  in  pike  muscle,  while 
Hannerz  (1963)  found  concentration  factors  In  pike  muscle  to  be  2,000. 

Whole  body  mercury  content  In  fish  does  not  differ  significantly  from  muscle 
(Phlillp.s,  1930),  so  that  values  for  muscle  can  be  compared  to  whole  body 
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values.  Methylmercury  makes  up  the  larger  proportion  of  tissue  mercury  in 
fish,  in  general  >90  percent  (Huckabea  et  al- .  1979). 

For  rainbow  trout  exposed  for  3  weeks  to  methy Imercury  in  water  at 
approximately  15°Ci  the  BCF  was  li800  (Phillips  and  Buhleri  1978).  These 
fish  were  probably  not  at  equilibrium,  as  it  can  take  as  long  as  several 
months  for  fish  to  equilibrate  with  mercury  in  the  environment.  For 
example,  Snarskl  and  Olson  (1982)  observed  that  whole  body  residues  at 
Al-weeks  were  double  those  observed  at  60  days.  In  addition,  BCFs  for 
rainbow  trout  have  been  observed  as  high  as  127,000  for  the  same  temperature 
(Relnert  et  ai. ,  197A):  in  another  study  BCFs  for  rainbow  trout  following 
exposure  to  methylmercury  for  90  days  were  8,000  (Wlllford  and  Relnert, 
1973).  Concentration  factors  in  brook  trout  muscle  were  30,000  for  a 
lt,t,  week  exposure  to  methylmercury  (McKlm  et  ai.,  1976). 

Fish  tissue  mercury  levels  increase  with  trophic  level,  and  are  higher  In 
predatory  fish  than  prey  species  of  a  similar  age  (Wren  and  MacCrlmmon, 
1986).  BAFs  for  bluntnose  minnow,  smelt,  and  white  sucker  were  below 
10,000,  while  the  BAF  for  pike  was  32,000  (Wren  and  MacCrlmmon,  1986).  It 
appears  that  about  50  percent  of  this  is  due  to  bloconcentrat Ion  while  50 
percent  is  due  to  blomagnlf Icat Ion  (Burrows  and  Krenkel,  1973:  Huckabee 
et.  al.,  1979).  Other  authors  indicate  that  uptake  from  food  may  outweigh 
uptake  from  water  as  the  primary  source  of  mercury  accumulation  by  fish 
(Phillips  and  Buhler,  1973:  MacCrlmmon  et  ai.,  1983).  The  actual  amount  of 
mercury  derived  from  food  or  water  Is  probably  dependent  on  trophic  level, 
as  indicated  by  data  from  Jernelov  (1972)  where  prey  fish  obtained 
10  percent  of  their  mercury  residues  from  food,  while  pike  obtained 
50  percent  of  their  mercury  residues  from  food.  Mercury  accumulation  is 
probably  less  from  a  natural  diet  than  an  artificial  one  (Snarskl  and  Olson, 
1982),  so  that  laboratory  studies  using  a  commercial  fish  food  may  give 
artificially  high  accumulation  rates. 

Teci:2Slrial_EcQ3>:3tS2iS--31rds  feeding  primarily  on  vegetation  or  terrestrial 
food  sources  have  lower  mercury  contents  than  birds  that  feed  on  aquatic 
food  sources  (Nrlagu,  1979).  Piscivorous  birds  have  mercury  levels 
approximately  10  times  higher  than  levels  found  in  diet  (Grelchus  at.  ai., 
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1973).  Elevated  mercury  levels  ar^  found  In  ospreys  (Nrlagu,  1979),  with 
concentrations  reaching  18  anc  A5  ppm  In  liver  and  kidneys,  ret, pect Ively •  A 
nationwide  survey  of  5,200  adult  mallards  and  black  ducks  (Anas  cubcipes) 
revealed  muscle  tissue  levels  of  0-08  to  0.33  ppm  (Heath  and  Hill,  1974). 

Ducks,  pheasants,  and  chickens  fed  three  different  concentrations  of  mercury 
In  diet  magnified  mercury  by  factors  of  1.05  to  2.82  in  kidney,  0.655  to 
2.12  In  liver,  and  0.909  to  1.33  In  muscle  (Gardiner,  1972).  Quail  fed 
4  ppm  mothylmercury  for  18  weeks  accumulated  21  ppm  In  liver  and  8.4  ppm  In 
carcass  (Dieter  and  Ludke ,  1975).  Mallards  fed  0.1  and  0.6  ^ pm  In  diet 
accumulated  6  to  9  ppm  In  eggs  (Heinz,  1975).  Goshawks  consuming  mercury 
contaminated  chickens  had  magnification  factors  ranging  from  3.23  In  muscle 
to  14.4  In  liver  (Borg  et  r.l.  ,  1970).  Grelchus  (1973)  observed  BMFs  of  6 
and  14  In  white  pelicans  (Ealscanus  ecutbcochynchos )  and  double-crested 
cormorants  (PhalacCQCOx.ax  aurilus)  consuming  freshwater  fish. 

Eate_Qt_Ms!:cv:Ey_Ia_Ihe_£nvirQas!eaJ. — Mercury  In  sediments  tends  to  be  In  the 
Inorganic  form  (Snarskl  and  Olson,  1982),  and  Is  methylated  In  the  top  layer 
(Fagerstrom  and  Jernelov,  1972).  Because  microorganisms  are  capable  of 
converting  Inorganic  and  organic  mercury  compounds  Into  highly  toxic 
methylmercury  and  dlmethylmercury ,  any  form  of  mercury  In  the  environment 
should  be  considered  hazardous  (EPA,  1980e:  EPA.  1935c).  The  synthesis  of 
methylmercury  from  other  forms  of  mercury  by  bacteria  In  sediment  or  water 
Is  the  major  source  of  methylmercury  In  the  aquatic  environment  (Boudou  and 
Rlbeyre,  1933).  Methylatlon  In  the  water  column  has  also  been  Indicated  by 
Furutanl  and  Rudd  (1980). 

Mercury  Is  methylated  In  the  intestines  of  fish  (Jernelov,  1972:  Rudd  et 
ai-i  1980).  Methylatlon  also  occurs  In  the  mucous  layer  of  fish,  and  by 
enzymatic  processes,  although  these  sources  of  methylmercury  are  not  as 
significant  as  dietary  Intake  (Huckabee  et  al-,  1979;  Boudou  and  Rlbeyre, 
1983).  Demet hy lat Ion  also  occurs  In  the  environment  (Elsler,  1987),  the 
gastrointestinal  tract  of  mammals  (Clarkson  et  ai. >  1984),  and  In  the  liver 
and  kidneys  of  fish  (Burrows  and  Krenkel,  1973).  Since  methylmercury  is  the 
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more  toxic  and  readily  accumulated  form  of  mercuryi  it  should  be  assumed 
that  any  mercury  In  the  environment  has  the  potential  to  be.  In  the  form  of 
raethylmercury . 

5. 2. 5. 2  Surface_Hat2E_lngesI.iQn_ 

Soall-tlamaials-- 

Table  5.2-3A  lists  the  water  concentrations  that  correlate  with  the  toxic 
effects  levels  In  diet  or  water  based  on  dally  water  Intake  for  each 
species-  A  chronic  dietary  NOEL  for  rats  of  0-075  mg/kg  bw/day  was 
estimated  from  data  reported  by  Berglund  and  Berlin  (1969)-  The  chronic 
NOEL  was  lower  than  the  subchronic  LOAEL  of  0-13  mg/kg  bw/day.  or  the  acute 
values  reported  for  mammals  that  resulted  In  CNS  effects  (Table  5-2-3'i)- 
Although  using  the  chronic  dietary  NOEL  results  In  higher  water 
concentrations  than  using  the  subchronic  LOAEL  would,  there  Is  less 
uncertainty  In  the  estimate  (see  Section  5-1)-  From  the  NOEL  and  the  dally 
water  Intake  for  rats,  the  following  water  concentration  Is  derived: 

_ NOEL _  «  Q^Q25_Ds/kg_bHZday  -  0-6  mg /I 

Intake/kg  bw/day  0-125  1/kg  bw/day 

An  uncertainty  factor  of  5  for  Interspecific  variation  was  used  in 
calculating  the  acceptable  water  concentration-  The  water  concentration 
0-015  ppm,  represents  an  acceptable  surface  water  concentration  for  mammals- 

Birda--All  data  for  birds  ware  based  on  subchronic  studies-  The  lowest 
LOAEL  was  0-21  rag/kg  bw/day  In  diet  for  chickens-  The  LOAEL  and  the  water 
Ingestion  for  chickens  was  used  to  calculate  an  acceptable  water 
concentration  of: 

_ LOAEL _  -  Q^21_ngZkg_bH/day  -  1-05  mg/l 

Intake/kg  bw/day  0-2  1/kg  bw/day 

Applying  an  uncertainty  factor  of  50  to  convert  the  subchronic  LOAEL  to  a 
chronic  NOEL,  and  a  factor  of  5  for  Interspecific  variability,  yields  an 
acceptable  water  concentration  of  0-003^  mg/l  (3-^(  ppb)- 
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The  acceptable  water  concentration  for  birds  for  organic  mercury  Is  2 
orders  of  magnitude  lower  than  acceptable  water  concentrations  for  Inorganic 
mercury  for  chickens  (Table  5.2-3A).  Acceptable  concentrations  for  organic 
me'^'iiry  should  therefore  be  protective  for  organic  mercury. 

The  water  concentration  derived  from  toxicity  to  birds  Is  lower  than  the 
concentration  dervlved  from  chronic  toxicity  to  mammals.  A  mercury 
concent 'at  *  o^  In  .‘^ur'ace  water  o^  0.003A  mg/llter  (3.^  ppb)  derived  from 
toxicity  to  birds  Is  assumed  to  be  protective  of  all  wildlife  species 
consuming  water  at  R»A.  The  corresponding  sediment  criterion  is  3.^  ppm. 

5.2.5. 3  Aquaiic.Lif e 

The  EPA  water  quality  criteria  for  the  protection  of  aquatic  organisms  and 
their  uses  are  based  on  a  Final  Residue  Value  derived  using  human 
guldellnesi  and  so  were  considered  Inappropriate  for  this  analysis.  Site- 
specific  water  criteria  for  the  protection  of  aquatic  life  were  derived  from 
the  lowest  chronic  value  or  the  Final  Residue  Value.  Adverse  effects  were 
observed  In  D.  nagna  for  chronic  exposure  to  0.0^  ppb  methylmercury . 

Applying  an  uncertainty  factor  of  10  to  convert  the  chronic  LOAEL  to  a  NOEL, 
an  acceptable  water  concentration  of  O.OO'i  ppb  Is  derived. 

Due  to  the  tendency  o.^  methylmercury  to  bioaccumulate,  a  Final  Residue  Value 
was  calculated  from  a  dietary  Intake  that  resulted  in  behavioral  effects  in 
mallard  ducklings  of  0.1  ppm  (Heinz,  1975).  The  BCF  reported  by  EPA  is  for 
fathead  minnows  only;  however,  ducks  feed  on  a  variety  of  aquatic  life,  and 
the  BCF  values  for  plants  and  Invertebrates  are  much  less  than  81,700.  The 
maximum  BCF  for  a  plant  or  an  Invertebrate  was  13.000  for  Scenedesaus 
Qbllquus  exposed  to  phenylmercur ic  chloride  (EPA,  19S5c).  BCFs  for  fish 
species  chat  would  occur  at  RM.A  are  also  less  than  13,000.  The  Final 
Residue  Value  calculated  using  the  BCF  of  13,000  and  an  tiPTC  of  0-1  ppm  is 
0.0077  ppb. 

The  water  cone  en  t  ra ;  i  o  ;  -pb,  cc-ived  from  chrotiic  toxiclt/  to 

Daphnia,  Is  used  to  represent  toxicity  t  j  ,  ■  ’Ife  bsceus-a  It  Is  lower 

than  the  water  criteria  esltimated  using  the  Final  Res'-iu:  , , '  -rcroach- 
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The  corresponding  sediment  criterion  Is  calculated  as  follows: 

^sed  "  *  ^d 

where:  »  1,000  (see  Section  5-2.5-6) 

^sed  “  O'OOA  ppb  X  1,000 
^sed  "  0-00''  PPO 

5.2.5.^  AQuatic_Pa£  bway . 
lQlEaduclioa_lQ_Aquaiic_EathKaj'_Acal:£sis 

This  Pathway  Analysis  Is  based  on  the  bald  eagle  sink,  food  subweb  and 
Includes  all  major  food  chains  leading  to  the  selected  sink  species  (Cohen, 
1978).  Because  the  same  organisms  or  groups  of  organisms  appear  In  more 
than  one  food  chain  throughout  the  web,  percentage  contributions  to  the  food 
subweb  for  each  organism  or  compartment  have  been  estimated  based  on 
existing  literature-  The  subweb  has  been  simplified  (e-g-,  bluegill 
represent  all  fish  species  at  that  trophic  level),  because  of  the  limited 
data  available- 

The  bald  eagle  Is  3  federally  listed  endangered  species  and  is  a  component 
of  food  webs  on  RMA-  The  bald  eagle  was  selected  as  the  target  species 
because  of  Its  endangered  status  and  because  It  repressnts  the  highest 
trophic  level  affected  by  the  bioaccuaulat ion  of  contaminants  through 
aquatic  food  chains-  Aquatic  organisms  are  considered  to  be  the  most 
Important  links  In  the  bald  eagle  food  web  because  they  are  constantly 
e:<posed  to  the  contaminants  in  their  environment  via  surface  adsorptlcn. 
absorption,  and  uptake  across  respiratory  membranes:  thus,  the  potential  for 
bloconcentrat Ion  tends  to  be  large-  The  "no  effects"  level  Is  based  on 
sublathal  effects  levels  obtained  from  the  scientific  literature  and 
presumes  that  if  bald  eagles  are  protected,  other  species  will  also  be 
protected- 

Hethods 

Six  food  transfer  pathways  ultimately  terminating  with  the  bald  eagle  were 
established  as  follows; 
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The  combined  food  transfer  pathways  are  presented  In  Figure  5.2-7.  Pathways 
are  developed  based  upon  chemical  parameters  such  as  concentration  factor.-:  > 
and  biological  parameters  such  as  dietary  habits.  There  are  fewer  path'./ays 
for  mercury  than  for  dleldrln  because  chironomids  were  not  treated  as  a 
separate  pathway,  data  were  limited  for  WdA  (Rosenlund  et  al..  1986).  and 
unavailable  in  the  literature  researched.  Although  data  were  limited, 
snails  were  maintained  as  a  separate  pathway  because  (1)  data  indicated 
slightly  low«r  BCFs,  and  (2)  snails  form  a  significant  part  of  the  mallards’ 
Invertebrate  consumption. 

All  pathways  (except  Pathway  Four)  originate  with  water.  The  lowest  step  in 
the  food  chain  is  assumed  to  be  in  equilibrium  with  the  aquatic  environment, 
which  gives  equation  (1';: 

BCF  ..  Cb/C„  (1) 

where:  Cj,  -  the  concentration  of  mercury  in  the  blot? 

C.^  •  the  concentration  of  mercury  in  water 

This  equation  l.s  vital  to  the  rest  of  the  analysis.  The  end  result,  the 
total  biomagnif Icat ion  factor  (BMF)  for  the  bald  eagle,  can  be  ultimately 
traced  back  through  water  to  the  sediment,  because  it  is  assumed  that  all 
mercury  enters  the  water  compartment  from  sediments  before  being  taken  up  by 
the  biological  compartment;  l.e.. 
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Cv  " - ^sed - 

Kd 

or  solving  for  Cgg^j; 

Csed  -  Kd  X  C„  (8) 

where:  C^gd  »  concentration  of  mercury  In  the  sediment 

Kj  -  sediment-water  partition  coefficient 

The  Kjj  or  sediment-water  partition  coefficient  was  calculated  to  be 
approximately  1,000  (Tucker,  1988).  This  Is  based  on  two  lines  of 
reasoning : 

o  Based  on  U-S-  Army  Medical  Bioengineering  Research  and  Development 
Laboratory  (USAM3RDL)  preliminary  pollutant  limit  value  (PPLV) 
documentation,  soil  Kd  for  Hg  Is  170.  If  soils  contain  O-S’* 
organic  matter  and  sediments  contain  S’t,  the  estimated  Kd  would  be 
5  to  10  times  higher  In  sediments  than  soils,  or  850  to  1,700:  and 
o  An  EPA  report  gives  a  Kd  for  lakes  of  600-900  (EPA,  1979a). 

The  method  used  In  this  aquatic  Pathway  Analysis  is  an  adaptation  of  the 
Thomann  (1931)  bloaccuraulat ion  model  of  food  chain  transfer  In  aquatic 
ecosystems  where  each  level  Is  a  step  In  the  food  chain: 


Level 

•  1 

BCFi  -  Cb/Cy 

(1) 

Level 

«2 

BAF2  •  BCF2  ♦ 

f2BCF3 

(2) 

Level 

«3 

BAF3  «  BCF3  » 

f3BCF2  ♦  f3f2BCF3 

(3) 

Level 

ok 

BAF^  -  BCF4,  ♦ 

f^BCFj  »  fi,f3BCF2  ♦  fi,f3f2BCF3 

(<.) 

The  data  for  ECF  values  used  In  this  analysis  were  from  previously  collected 
and  documented  RMA  samples  (Rosenlund  ei  al ■ ,  1986)  or  from  the  available 
literature-  Because  mercury  In  the  RMA  lakes  was  below  detection  limits  at 
the  time  of  the  Rosenlund  et  ai-  (1936)  study,  tissue  concentrations  from 
Rosenlund  et  ai ■  (1986)  were  compared  to  the  detection  limit  in  water  used 
at  ESE  (0.2t  ppb).  Published  values  as  well  as  the  RMA  data  were  used  for 
BCFs  and  BAFs,  and  geometric  mean  values  were  calculated  to  represent 
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bloconcentrat Ion  by  exposed  organisms-  Table  5-2-35  lists  the  BCF  values 
utilized  in  this  study-  Only  BCFs  with  exposure  times  of  seven  days  or  more 
were  considered - 

The  mallard  and  the  pike  represent  the  waterfowl  and  fish  fed  upon  directly 
by  the  bald  eagle-  Feeding  habits  for  the  consumer  organisms  are  presented 
In  Table  5-2-36- 

The  accumulation  of  mercury  from  water  by  lower  trophic  level  organisms  Is 
due  not  only  to  bioconcent  rat  ton ,  but  to  bloaccunulat ton  as  well-  However, 
mercury  residues  resulting  from  water  as  opposed  to  diet  cannot  be 
effectively  separated  for  animals  at  the  lowest  trophic  levels-  The  BCF  for 
the  lowest  trophic  level  is  actually  a  BAF  for  small  aquatic  organisms  with 
large  surface  area  to  volume  ratios,  such  that  bloconcent rat  Ion  from  water 
tends  to  outweigh  concentration  from  diet  (Huckabee  eL-  al-,  1975)- 

Slnce  the  concentration  of  mercury  In  RHA  lake  water  and  sediments  at 
Rosenlund  2l  al-’s  (1936)  sampling  locations  Is  below  current  detection 
limits,  concentration  factors  derived  from  RllA  data  potentially 
underestimate  actual  bloconcentrat Ion  for  organisms  at  specific  locations  In 
the  RMA  lakes.  Because  methylmercury  BCFs  derived  from  the  literature  were 
an  order  of  magnitude  higher  for  several  groups  of  organisms,  methylmercury 
BCFs  from  the  literature  were  used  to  Increase  the  range  of  BCF  values  that 
may  be  expected  In  lower  trophic  level  organisms  from  RMA  lakes.  Literature 
values  only  for  methylmercury  BCFs  were  used  to  represent  concentration  by 
fish  because  the  RMA  field  data  represent  BAFs.  and  using  these  field  data 
would  weight  dietary  contributions  twice. 

The  model  has  been  modified  to  be  used  for  an  entire  food  web  as  opposed  to 
a  single  food  chain  by  use  of  dietary  percentage  coefficients.  The  food 
term  ( f ^ )  Is  dependent  on  the  trophic  level  In  question  and  Is  calculated  by 
the  following  equation; 

fl  -  (5) 

1 
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Table  5.2-35.  Bloconcentrat Ion  Factors  for  Mercury  Used  in  the  Pathways  Analysis 


Species 

Form 

BCF 

Tissue 

Mean 

Source 

Plants 

Algae 

MeHg 

2,100 

— 

Havllk  fit  ai- 

.  1979  ■ 

Algae 

MeHg 

990 

— 

Havllk  fit  ai- 

,  1979 

Macrophytes 

Total 

983* 

—  — 

2,000 

Rosenlund  et 

al.,  1986 

Plankton 

Algae 

MeHg 

2.100 

— 

Havllk  fit  al- 

,  1979 

Algae 

MeHg 

990 

— 

Havllk  fit  ai- 

.  ,1979 

Mixed 

Total 

820* 

■■ 

2,000 

Rosenlund  et 

al’..  1986 

Snails 

Mussel 

MeHg 

2.A63 

— 

Melllnger,  1973 

Sna lls 

Total 

750*v, 

■■ 

1,900 

Rosenlund  et 

al-.  1986 

Ot  her 

Invertebrates 

Amphl pod 

MeHg 

3.000 

-- 

Zubarlk  and  O’Connor, 
1973 

Ml.xed 

Total 

618*. 

*  *• 

6,800 

Rosenlund  et 

al..  1986 

Blueglll 

Mosquito  fish 

MeHg 

2.500 

whole 

Boudou  et  ai- 

.  1979 

Mosquito  fish 

MeHg 

A,  300 

whole 

Boudou  fit  ai- 

.  1979 

81 ueg 1 1 1 

MeHg 

373 

whole 

Cember  et  ai- 

,  1973 

Blueglll 

MeHg 

921 

whole 

Cenber  et  ai- 

.  1973 

Blueglll 

Pike 

MeHg 

2.A00 

whole 

1.500 

Cember  et  ai- 

,  1978 

Rainbow  trout 

MeHg 

A.  530 

whole 

Relnert  et-PL 

_.  197  a 

Rainbow  trout 

MeHg 

6.620 

whole 

Relnert  et  al 

.  .  197a 

Rainbow  trout 

MeHg 

3.0A9 

whol  a 

Relnert  et  ai 

. ,  197A 

Pike 

Pike 

MeHg 

MeHg 

3.000 

2.000 

muscle 
muse  1  e 

A,  300 

Johnels  et  al 
Hannerz.  1963 

. .  1967 

Geome  trie 

mean , 

n  - 

50. 

C.,,  -  0.05 

ppb 

Geomet  r  Ic 

mer3n . 

N  - 

16, 

C.j  -  0.05 

ppb 

Ceome  trie 

mean  ♦ 

N  - 

2. 

C„  -  0.05 

ppb 

Geometric 

mf?3n . 

N  . 

19. 

C.,^  -  0.05 

ppb 

e:  E3E.  1 

933 . 
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Table  5-2-36.  Summary  of  Feeding  Habits.  Pathways  Analysis  for  Mercury 


Species 

Food  Items 

Percent  In  Diet 

Source 

Mallard 

Snails 

lA 

Swanson  ei  al-.  1979 

Swanson  et  ai- .  1985 

Other 

Invertebrates^ 

30 

Plants.  Fruits^ 

30 

Swanson  et  al-.  1979 

Swanson  et  ai- .  1935 

Annel Ids^ 

26 

Swanson  ei.  al-.  1979’ 

Bald  Eagle 

Waterfowl 

2A 

Cash  ei  al - .  1935 

Todd  et  ai- .  1982 

Fish 

66 

Cash  et  al - .  1935 

Mammals 

10 

Cash  et  al - .  1935 

Blueglll 

Invertebrates 

83 

Mart  In  et  al- .  1961 

Plankton.  Algae 

12 

Martin  el  al • .  1961 

Pike 

Flsh^ 

100 

Insklp,  1982 

1  Includes  Crustacea  and  Insecta- 


2  Fruits  were  grouped  with  aquatic  plants  for  this  pathways  analysis  due 
to  the  possibility  that  mercury  Is  absorbed  by  fruit.  The  term  "fruits 
includes  miscellaneous  seeds  (Swanson  el  ai - •  1979:  Swanson  el  al.. 
1935) . 

3  These  food  Items  were  not  utilized  In  the  pathways  analysis-  Annelids 
are  apparently  washed  into  aquatic  systems  (Swanson  el  ai-.  1979)  and 
were  .not  included,  because  areas  upgradlsnt  from  the  RMA  lakes  are 
assumed  to  be  uncontaminated  - 

U  Pike  are  opportunistic  feeders  that  will  utilize  other  food  sources, 
but  are  assumed  to  prey  completely  on  fish  for  the  sake  of  the 
analysis- 


Source:  ESE.  1933- 
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where:  @  -  Assimilation  efficiency  »  ug_ahsQcbed 

ug  Ingested 

R  «  Total  dally  diet  grams( g ) /body  weight (g ) /day 
k2  ■  Depuration  rate,  day"^ 

»  Percent  of  Item  In  diet 

The  assimilation  efficiency  (@)  could  not  be  obtained  for  every  animal 
addressed  In  this  analysis-  Various  assimilation  efficiencies  ranging  from 
0-1  to  0-9  have  been  documented  for  fish  (Phillips  and  Gregory,  1979).  The 
assimilation  efficiency  can  be  related  to  the  type  of  diet,  the  species,  and 
metabolic  rate-  A  geometric  mean  was  calculated  from  data  for  fish:  when  a 
range  was  presented,  the  median  of  the  range  was  used  as  the  data  point  used 
to  calculate  the  geometric  mean  (Table  5-2-37).  A  mean  value  of  0-40  was 
obtained  for  fish  to  represent  uptake  from  a  variety  of  dlets- 

An  assimilation  efficiency  based  on  uptake  of  methylmercury  In  chickens  was 
used  to  represent  uptake  by  wild  avian  species-  A  geometric  mean  was 
calculated  from  data  on  the  percentage  retention  of  mercury  compared  to 
amount  of  mercury  Ingested  for  five  concentrations  at  4  and  7  weeks  (Soares 
el  al-i  1973)-  The  geometric  mean  was  0-49  for  both  4  and  7  weeks 
(Table  5-2-37). 

The  depuration  rate  (k2)  Includes  loss  due  to  growth,  excretion,  and  metabolism 
(Table  5-2-33)-  Because  rate  constants  have  not  been  measured  for  each  species 
In  this  analysis,  a  range  of  k2  values  was  taken  from  the  literature  or  derived 
by  calculation  using  regression  equations-  The  depuration  of  mercury  In  birds  Is 
Influenced  by  feather  growth  and  the  rate  will  fluctuate  with  seasonal  molting 
(Stlckel.  at-  ai • ,  1977)-  Half-life.  Tj,.  can  used  to  calculate  k2  (Huckabee. 
et-  ai-i  1975)  as  follows: 

Ln_Qj5  •  Depuration  rate 

Tb 

A  geometric  me-an  '<2  of  0.0025/day  for  fish  was  calculated  from  sever.al  studles- 
Mercury  Is  lost  more  slowly  from  fish  th-en  from  mammal.s,  and  the  rate  of  loss  may 
be  blphaslc  (Burrows  and  Krenkel,  1973)-  A  half-life  of  approximately  60  days 
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Table  5-2-37.  Assimilation  Efficiencies  for  Fish  and  Birds  Fed 
Hethylmercury 


Species 

Assirallat Ion 

Diet 

Source 

Efficiency 

Fish 


Pike 

0.19 

natural 

Phillips  and  Gregory, 

1979 

Predator 

0.15 

natural 

Jernelov,  1968 

Predator 

O.AO  -  0. 

A5 

na  tura 1 

Jernelov,  1968 

Pike 

0.38 

cow  liver 

Mlettlnen  el  ai . >  1970 

Rainbow  trout 

0.52  -  0. 

71 

art  If Iclal 

Lock,  1975 

Rainbow  trout 

0.68 

artificial 

Phillips  and  Buhler,  1978 

Goldf Ish 

Geometric  Mean 

.0.71  -  0. 

O.AO 

89 

artificial 

Sharp  el  ai . •  1977 

B 1  rds 

Chicken 

Geometric  mean 

0.A29 

0.617 

0.615 

0.A09 

O.AIA 

0.365 

0.63A 

0.617 

0.A73 

0.A05 

0.A9 

art  1 f Ic lal 

Soares  el  ai . ■  1973 

Source:  ESEi  1933. 
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Table  5.2-38. 

Methylmercury 

Loss  Rates  for 

Various  Species 

Species 

Half-life 

k2  day"^ 

Source 

(days) 

Fish 

Blueglll 

60 

0.012 

Burrows  and  Krenkel.  1973 

Cambusla 

1.000 

0.00069 

Huckabee  et  al..  1975 

Pike 

100 

0.0069 

Mlettlnen  et  al..l970 

Brook  trout 

1.000 

0.0006 

McKlm  et  al . .  1976 

Geometric  Mean 

For 

Fish 

0.0025 

Birds 

Ma  1 lards 

8A 

0.008 

Stlckel  et-  al...  1977 

Fovl 

35 

0.020 

Swensson  and  Ulfvarson. 
1968a 

Fowl 

7  -  U 

0-066 

Gardiner.  1972 

Geometric  Mean 

For 

Bi  rds 

0.022 

Source;  ESE.  1933. 
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was  estimated  from  data  presented  by  Burrows  and  Krenkel  (1973)  using  a 
combination  of  both  fast  and  slow  depuration  curves- 

All  k2  values  for  fish  were  estimated  from  half-life  data  using  equation  (8)- 

A  geometric  mean  of  0.022/day  for  birds  was  calculated  from  several  studies 
(Table  5-2-38).  In  a  study  with  mallardst  birds  lost  approximately  50  percent  of 
their  methylmercury  residues  over  an  8^  day  period  (Stlckel.  el-  al->  1977).  A 
Values  for  k2  of  0-066  and  0.020/day  were  derived  from  Gardiner  (1972)  and 
Swensson  and  Ulfvarson  (1968a).  using  different  types  of  domestic  fowl-  The 
half-life  formula  (8)  was  used  to  obtain  k2  for  each  of  the  above  studles- 

Inorganlc  mercury  Is  converted  to  methylmercury  (HeHg)  by  bacteria  In  sediments 
(Phillips  and  Buhler.  1978:  Ramamoorthy  and  Blumhagen,  198^)  and  In  the 
Intestines  of  fish  (Jernelov,  1972).  This  conversion  affects  the  toxicity, 
bloaccuraulat Ion ,  and  depuration  rate  of  mercury  in  food  chains  leading  to  higher 
trophic  levels.  Using  toxicity,  uptake,  and  loss  rate  information  for 
methylmercury  will  provide  a  more  conservative  and  more  defensible  estimate  of 
the  behavior  of  mercury  for  the  Pathway  Analysis- 

Eaihyaz-Analysis 

The  Pathway  Analysis  model  is  applied  in  the  following  section  using  the  input 
parameters  8CF ,  k2.  and  f2  described  In  Methods  section.  The  species  specific 
dietary  habits  are  described  for  each  of  the  higher  trophic  levels- 

Eaihyaz_0nejL_H2Q_=i_SGails_=a._Kali3i:ds_=i_Sald_£a.gle--The  BCF  used  for  snails  is 
derived  from  ?,osenlund  el  ai-  (1936)  data  for  mercury  In  snails  from  the  R»!A 
lakes,  and  other  molluscs  such  as  freshwater  mussels  that  blcconcentrate 
me t hy Imercury  by  factors  of  2.^i63  (Melllnger.  1973)-  Snails  were  separated  from 
the  other  Invertebrates  because  they  form  a  significant  part  of  the  mallards' 
invertebrate  diet-  The  geometric  mean  was  used  to  represent  bloconcentrat Ion: 

S'^^snalls  ”  600  (i) 

Freshwater  clams  bioconcentrate  mercury  by  factors  estimated  to  exceed  ^4,000  when 
compared  to  water  data  from  a  previous  study  on  the  same  lake  (HacCrlmmon  el  al-, 
1933:  Wren  and  MacCrlmmon,  1986),  but  these  data  were  not  used  in  calculating  the 


5-237 


C-RMA-09\8IORI503. 2 . 288 
5/2/89 


mean  because  of  the  uncertainty  In  the  estimate-  Since  data  for  snails  were 
unavailable  In  the  literature  researchedi  the  RMA  data  ware  used  despite  the  size 
of  the  data  sat  (N  -  2). 

The  food  term  (f2)  Is  calculated  by  assuming  that  an  adult  mallard  weighs 
approximately  1.100  g  and  consumes  about  57. A  g  total  diet  each  day  (Miller, 
1975),  of  which  for  a  breeding  female  16-^  percent  is  snails  (Swanson  ei  al-, 
1985:  Swanson  e£  al- ,  1979).  The  BAF  for  a  mallard  Is  calculated  by  assuming 
that  the  first  term  In  the  Level  *2  bloaccumulat Ion  equation  (2)  equals  zero, 
because  the  amount  of  bloconcentrat Ion  of  mercury  by  nonaquatlc  organisms  Is 
considered  to  be  negligible:  l-e-, 

BAF2  -  BCF2  ♦  f2BCFx  (2) 

“'^^mallard  "  ^2®^^snall 


where:  BCF2  ■ 

f2 


0 


0-16 


(5) 


0.022/day 

An  adult  eagle  weighs  approximately  Z.500  g  (Shafer,  1986)  and  consumes  255  g 
dally  (Swles,  1986),  of  which  2u  percent  of  the  diet  Is  birds  (Cash  ei  al • ,  1985: 
Sherrod,  1978).  Energy  requirements  are  different  for  wild  birds  than  birds 
living  In  captivity,  so  these  dietary  quantities  are  only  approximate  (Sherrod, 
1936).  The  following  BAF  values  for  an  eagle  are  calculated  by  assuming  that  the 
first  two  terras  in  the  Level  >*3  bioaccumulation  equation  (3)  equal  zero 
( b loconcent ra t Ion  by  the  eagle,  and  the  mallard  are  negligible): 

BAF3  »  3CF3  »  f3BCF2  ♦  f3f2BCF2  (3) 

BAFgagle  “  ^3^2®'-^sna  11 


where:  BCF3  ♦  f33CF2 

f3 


0 


Q^(i2_2_I255_«Z(i.500_g_bwZdayl_i5.2't5  -  0-30 

0-022/day 


(5) 


When  the  BCF  for  snails  Is  600,  the  BAF  for  mallard  Is  96  and  the  BAF  for  eagle 
is  29. 


i 


H 


5-238 


X- Ki-i  A^^Trii'uk  1  S'O'lV  O  'f 


5/2/89 


Eal.hHaj:_lHQi _ H2Q_=a_lDvectehrates_=a_tlallacds_=i_Baid_Ea8ie--The  ECF  for  aquatic 

Invertebrates  other  than  molluscs  was  a  geometric  mean  of  one  value  for 
mechylmercury  concentration  by  amphlpods  and  one  value  for  total  mercury  based  on 
RHA  data  (2ubarik  and  O'Connor.  1978:  Aosenlund  et  al- .  1986): 

BCFinvert  ”  C^/Cy  -  2,200  (1) 

To  calculate  the  BAF  for  a  mallard,  the  food  term  (f2)  remains  the  same  as 
Pathway  One  except  for  the  percent  of  food  Item  in  the  diet.  Invertebrates 
comprise  approximately  30  percent  of  a  mallards  diet  (Swanson  et  al-.  1985; 
Swanson  et  al • .  1979).  Using  equations  (2)  and  (5); 

BAF2  -  BCF2  ♦  f2BCFi  (2) 

^^'^mallard  ”  ^2®^^lnvert 

where:  BCF2  •  0 

f2  -  Q^42_X-152^4_gXiaIQQ_g_by/.dayl_x_3Qr:  -  0.35  (5) 

0.022/day 

To  calculate  the  BAF  for  an  eagle  In  Pathway  Two,  the  food  term  (f3)  remains  the 
same  as  Pathway  One.  Using  equations  (3)  and  (5); 

BAF3  -  BCF3  .►  f3BCF2  ♦  f3f2BCFi  (3) 

B.5Fg3gig  =  f  3^2®*“^lnvert 

where:  BCF3  »  f3BCF2  =  0 

f3  -  Q^li2_z_1.255_g/l!^5QQ_g_bw/daxl_j:_21i2  -  0-30  (5) 

0.022/day 

When  the  BCF  for  aquatic  invertebrates  Is  2,200,  the  BAF  for  mallard  Is  770  and 
the  BAF  for  eagle  Is  230- 

Pathway_Ihc2°t_H2Q_=i-Aquatic_£iants_::a.Kallai;d_=i_22id_£agle--Tha  BCF  for  plants 
in  Pathway  Three  is  based  on  data  for  mercury  concentrations  In  aquatic 
macrophytes  (.Rosenlund  at  ai- ,  1986),  and  on  methyimercury  concentration  values 
for  algae  (.Havlik  at  ai-,  1979): 

ECFpi-,,  =  C[,/C.^  -  1.300  (1) 

The  food  term  (f2)  f.tir  mallard  remains  the  same  as  pravious  pathways  except  for 
the  contribution  plants  and  fruits  make  to  the  mallard  diet  (30  to  31  percent). 
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Bloaccumulat Ion  Is  calculated  using  equations  (2)  and  (5): 
BAF2  -  BCFj  *  f2BCFi 
®*^mallard  "  ^2®^^d1  ants 


where:  BCF2  «  0 


f2  -  Q^42_x_I52^4_gZlUQQ_s_ii«/daj:l_x_5Q5  -  r 
0.022/day 


To  calculate  the  BAF  for  an  eagle  In  Pathway  Three  1  the  food  ter.. 
the  same  as  previous  pathways-  Using  equations  (3)  and  (5): 


13)  -remains 


BAF3  -  BCF3  ♦  f3BCF2  ♦  f3f2BCFi 
®AFeagle  “  ^ 3^2®*-^plant 


where;  BCF3  ♦  f3BCF2  -  0 

f3  -  Qi42_j£_i255_8Z4j.500_£_byZdayl_x_245 

0.022/day 


When  the  BCF  for  aquatic  plants  Is  1.300,  the  BAF  for  mallard  Is  A55  and  the  BAF 
for  eagle  Is  1^0. 

Eathaay_lQUEi._H2Q_=a-ElanktQn_=i_filuegill_=A_Eike_=a_aalsl_Eagle — Pathways  leading 
to  the  bald  eagle  via  fish  are  more  complex  because  bloconcentrat  Ion  occurs  at 
each  trophic  level-  This  Introduces  a  fourth  factor  Into  the  BAF  equation,  and 
the  eagle  is  at  Level  Instead  of  Level  >>3. 


The  BCF  for  plankton  Is  based  on  data  for  algae  (which  can  be  attached  or 
planktonic)  and  for  mixed  planktonic  species-  From  data  presented  by  Havllk  et 
ai-  (1979),  b loconcent ra t Ion  of  methylmercury  In  two  species  of  algae  were  990 
and  2,100-  Data  from  Rosenlund  el_a±.-  (1986)  Indicate  a  mean  BCF  of  820  for 
plankton  from  RMA  lakes-  The  BCF  used  to  represent  plankton  In  the  Pathway 
Analysis  Is  ?  geometric  mean: 


®^^plankton  “  Cjj/C-y  «  1,200 
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Methylniercury  uptake  In  fish  Increases  with  Increasing  temperature  and  mercury 
concentration  In  water  (Rodgers  and  Beamish.  1981).  The  bloavallabll Ity  of 
mercury  as  a  function  of  water  quality  and  sediment  conditions  will  affect  uptake 
as  well  (Wren  and  HacCiriniaton.  1986).  BCF  values  for  whole  fish  are  preferable 
for  the  Pathway  Analysis,  because  higher  level  predators  have  the  opportunity  to 
consume  all  or  part  of  the  prey-  Concentration  factors  for  various  fish  tissues 
are  similar  according  to  some  studies,  and  dissimilar  according  to  others  (EPA, 
1985c);  for  consistency,  whole  body  concentrations  were  used  In  calculating  a 
mean  BCF  unless  data  for  muscle  were  for  the  species  In  question  or  the  data  base 
was  limited-  The  BCF  for  blueglll  Is  derived  from  studies  on  methylmercury  • 
uptake  by  small  fish: 

®^^blueglll  "  ^b^^w  "  1*500  (1) 

Based  on  data  from  Chadwick  and  Brocksen  (1969),  fish  consume  approximately  an 
amount  equal  to  3  percent  of  their  body  weight  dally-  It  Is  assumed  for  the 
purposes  of  the  analysis  that  regardless  of  Interspecific  variability  and 
differences  In  metabolic  rate  that  the  total  dally  Intake  terra  (R)  Is  0-03 
regardless  of  blueglll  or  pike  body  weight.  Various  algal  forms  account  for 
approximately  12  percent  of  the  bluegllls  diet  (Martin  ei  al-,  1961):  this  value 
was  used  for  the  percent  of  plankton  In  the  blueglll  diet-  Using  equations  (2) 
and  ( 5  ) : 

BAF2  «  BCF2  *•  f2BCFi  (2) 

BAffalueglll  "  ®^^blueglll  *■  ^ 2 ®^^plankton 

where:  f2  -  Q:i.4Q_x_Q^03Zday_x_125  -  0-58  (5) 

0- 0025/day 

The  BCF  for  the  pike  Is  derived  from  several  studies  on  large  fish-  Values  used 
to  calculate  the  mean  were  on  a  whole  body  basis,  or  were  for  muscle  tissue  from 
pike : 

BCfpike  -  Cb/C.j  -  9,300  (1) 

It  Is  assumed  that  pikes  feed  entirely  on  bluegllls  for  the  sake  of  this 
analysis-  Using  equations  (3)  and  (5): 
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BAF3  -  BCF3  *  f3BCF2  *  f3f2BCF3  (3) 

BAFpike  -  BCFpij^e  »  fB^-^blueglll  *  f 3f2BCFpiankton 

where:  f3  -  Qj.:4Q_j£_QiD3Zday_::_lQQx  -  A. 8  (5) 

0 • 0025/day 

The  eagle  food  term  (f^,)  was  based  on  a  A. 500  g  eagle  consuming  255  g  dally,  of 
which  66  percent  of  the  diet  Is  fish  (Cash  et  al- ,  1985).  The  first  term  of  the 
Level  equation  equals  zero,  because  bloconcentratlon  by  nonaquatlc  organisms 
Is  considered  to  be  negligible-  Using  equations  (^)  and  (5): 

BAF^  -  BCF4  »  f4BCF3  »  f4f3BCF2  ♦  f4f3f2BCFi  (A) 

BAFggg^g  «  fABCFp^j^g  ♦  3®^^blueglll  *  F^f 3! 2BCFp]^gf,l^tQf, 

where:  BCF4  -  0 

f,,  -  Q^42_Ji;_255_gZ4^5QQ_«_bH/day_y_66>«  -  0-83  (5) 

0-022 

When  the  BCF  for  plankton  Is  1.200,  the  BAF  values  for  blueglll  and  pike  are 
2,200  and  15,000.  respectively.  The  BAF  for  bald  eagle  is  12.000- 

Eathiiay_£iy2j._H2Q-=i-IiiVBi:l.ebcates_=i_BluEgill_=i_£ike_ri_Bald_£agle — The  BCF  for 
aquatic  Invertebrates  other  than  molluscs  was  a  geometric  mean  of  one  value  for 
raethylmercury  and  one  value  for  total  mercury  based  on  RMA  data  (Zubarlk  and 
O'Connor,  1978:  Rosenlund  et  al- ,  1936): 

B-Finvert  ■  Cb/C„  -  2,200  (1) 

The  BCF  for  blueglll  is  1.500,  or  the  same  as  Pathway  Four-  The  blueglll  food 
term  (f2)  remains  the  same  as  Pathway  Four  except  for  the  percentage  of  the  food 
Item  in  the  diet-  The  blueglll  diet  consists  of  approximately  SS’;  l-'.vertebrates  - 
Using  equations  (2)  and  (5): 

BAF2  -  BCF2  *  f2BCFi  (2) 

®  AFjjiuag  1 1 1  "  BCFjj  j^yggl  ji  ^  fjBCF^nvert 
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where;  f2  ”  Qj.4Q_2_£QiQ3Zdayl_s_SS!:  «  4.2 

0.0025/day 


(5) 


The  BCF  for  pike  (4,300)  is  the  same  as  in  Pathway  Four.  The  food  term  (f3)  for 
the  pike  also  remains  the  same  as  Pathway  Four.  Using  equations  (3)  and  (5): 

BAF3  -  BCF3  ♦  f3BCF2  »  f3f2BCFi  (3) 

BAfpike  "  BCFpii^e  ♦  f 3^^^ blueglll  ♦  f 3^2BCFinvet.t 

where;  13  -  Q^4Q_x_iQj.Q3Zdayl_x_lQQ^  -  4-8  (5) 

0.0025/day 

The  first  tern  of  the  Level  nU  equation  equals  zero,  because  bloconcent rat  ion  by 
nonaquatic  organisms  is  considered  to  be  negligible. 

The  food  term  (f;,)  for  the  eagle  remains  the  same  as  Pathway  Four-  Using 
equations  (4)  and  (5): 

BAFc,  .  BCF4  •  f4BCF3  .  f4f3BCF2  *  f4f3f2BCFi  (4) 

®*^eagle  “  ^4®C^plke  *  ^4^3®^^blueglll  *  ^4^3^2®*'^lnvert 

where:  14  «  Q^42_x_1255_gZ4j.50Q_g_byZdayl_s_655  -  0-S3  (5) 

0.022 

When  the  BCF  for  aquatic  invertebrates  is  2,200,  the  BAF  values  for  bluegill  and 
pike  are  11,000  and  56,000,  respectively.  The  BAF  for  eagle  is  46,000- 

Besults_a3d_Di.scussiQa 

BAF  values  as  derived  for  the  individual  pathways  (Table  5-2-39)  represent 
accumulation  in  separate  single  food  chains-  To  derive  overall  accumulation  in 
the  entire  food  web,  variations  of  the  following  equation  are  used: 

BMFi  -  BCFi  »  Bfj^BAF^.i 

For  each  of  the  major  trophic  levels  in  the  aquatic  Pathway  Analysis,  total 
bloma  gni  f  1  ca  t  ion  is  presented  in  Table  5.2--40.  Tot,al  3MF  represents  accumulation 
of  residues  originating  in  sediments,  soil,  and  water  by  lowsrorganlsms  dlractly; 
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Table  5-2-39.  Summary  of  Bioaccumulat Ion  Factors  for  each  Species  In  the 
Pathways  Analysis  for  Mercury. 


.BiQaccumulatiQD_EaciQES, 


Bluagill 

Pike 

Uallard 

MaQiaal 

Bagla 

Pathway  1 

— 

— 

96 

— 

29 

Pathway  2 

— 

— 

770 

— 

230 

Pathway  3 

— 

— 

460 

— 

140 

Pathway  4 

2.200 

15.000 

— 

— 

12.000 

Pathway  5 

11,000 

56,000 

— 

— 

46,000 

Pathway  6 

— 

— 

— 

4.3 

0-085 

Source:  ESE. 

1983 
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and  accumulation  of  residues  by  higher  organisms  via  food  chain  exposure- 
Because  dietary  percentage  contributions  have  been  considered,  net  residue 
accumulation  Is  a  function  of  the  accumulation  of  residues  by  the  lower  trophic 
levels  • 

Total  BMF  can  be  used  to  determine  maximum  allowable  or  “no  effects"  levels  of 
mercury  In  sediments  and  soils  by  relating  sediment  or  soil  concentration  to  a 
MATC  as  follows  (Tucker,  1986): 

_ «AIC__  -  C.j  (6) 

Total  BMF 

and , 

Csed  -  (8) 

where:  Kj  «  1,000 

The  lowest  tissue  concentration  at  which  health  effects  are  observed  In  an  avian 
species  (Table  5-2-til)  is  divided  by  the  BMF  for  the  eagle:  thus,  giving  the 
sediment  concentration  at  which  “no  effects"  are  likely  to  occur  to  key  organisms 
at  the  top  of  the  food  web-  The  most  sensitive  avian  species  Is  used  as  opposed 
to  one  most  closely  related  to  the  target  organism  because  no  other  safety 
factors  have  been  considered  In  the  analysis-  The  goal  of  the  "no  effects"  level 
Is  to  protect  populations  as  opposed  to  Individuals,  with  the  exception  of 
members  of  an  endangered  species. 

From  regression  equations  presented  by  Heinz  (1930),  egg  concentrations  can  be 
correlated  with  blood,  muscle,  and  liver  concent  rat  ions  for  mallards-  The 
eggrllver  concentration  ratio  Is  1:2-52.  and  the  cgg:musc]e  concentration  ratio 
Is  1:1-02-  Using  these  concentration  ratios  to  relate  egg  concentration  to 
tissue  concentrations  for  the  Heinz  (1975)  data  yields  corresponding  liver  and 
muscle  concentrations  of  2-52  and  1-02  ppm,  respectively.  The  corresponding 
liver  and  muscle  concentrations  for  the  Heinz  (1976)  egg  concentration  (5-^6  ppm) 
are  13-76  and  5-57  ppm,  respectively.  Th.e  mallard  muscle  concentration  of  0-3 
ppm  appears  to  be  the  lowest  tissue  concentration  that  can  be  correlated  with 
toxic  effects- 
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Table  5.2-Al. 

Toxic 

Effects  of 

Hethylmercury  on  Birds 

Species 

Organ 

ppm 

Effect 

Source 

Mallard 

egg 

1 

Alter  behavior 

Heinz,  1975 

Mallard 

egg 

5.A6 

Alter  behavior 

Decrease  survival 

Heinz,  1976 

Mallard 

muscle 

0.8 

Alter  nesting 
behavior,  reduce 
number  of  off-sprlng 

Heinz,  1979 

Redtall 

1  Iver 

20 

Lethal 

Flmrelte  and 

Hawk 

muscle 

A. 3 

Lethal 

Karstad,  1971 

Pheasant 

liver 

1.8 

Decreased  egg 
hatchabll Ity 

Hesse  ei.  al, 
1975 
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Based  on  a  muscle  concentration  0.8  as  the  MATC,  the  "no  effects"  levels  In  water 
and  sediments  are; 

_ MAIC _ “  Cy  -  Qj.a_ppm  -  1-6  X  10~^  ppm  (6) 

Total  BMF  50.000 

^sed  “  *^d  "  (1-6  X  10~^  ppm)  x  1,000  »  0.016  ppm  (8) 

Thus,  the  "no  effects"  concentration  In  water  Is  1.6  x  10"^  ppm  or  0.016  ppb, 
and  the  "no  effects"  level  In  sediments  Is  O-OIA  ppm.  Since  the  bulk,  of  the 
values  In  the  Pathway  Analysis  are  based  on  toxicity  and  accumulation  values 
for  met hy Imercury ,  which  Is  more  toxic  and  more  accumulative  than  Inorganic 
mercury,  criteria  derived  using  the  Pathway  Analysis  should  protect  against 
inorganic  mercury  contamination  as  well. 

The  EPA  chronic  criteria  for  the  protection  of  aquatic  organisms  are  based  upon 
food  chain  contamination  with  respect  to  humans.  The  FDA  action  level  for 
mercury  was  divided  by  a  3CF  for  fish,  to  arrive  at  criteria  In  water  where 
fish  would  not  accumulate  more  mercury  than  the  FDA  action  level-  The  Pathway 

Analysis  provides  similar  information,  but  uses  a  multiple  food  chain  approach 

and  tissue  concentrations  correlating  with  health  effects  levels  for  wildlife 
species.  The  Pathway  Analysis  provides  a  more  comprehensive  estimate  of  water 
and  sediment  criteria  than  the  Final  Residue  Value,  because  the  Pathway 
Analysis  Incorporates  food  habits  Information  and  can  weight  the  Importance  of 
different  dietary  Inputs- 

5 . 2 . 5  -  5  Ificcestrl3l_PaLhaay_Analysis 
Methods 

The  terrestrial  pathways  must  be  addressed  differently  than  the  aquatic 
pathways,  because  data  such  as  k2  and  assimilation  efficiency  are  lacking 
for  terrestrial  organisms.  3AFs  are  calculated  by  comparing  Cjj  to  Cjjgj  or 
CjQii,  and  loss  and  uptake  are  therefore  accounted  for. 

Ear.hwai:_3ixjL_3aii_=>_IaEEe3tj:iai_Piant3_=i_Mac;mais_=i_aald_Ea.gle 
Available  dat.3  on  mercury  In  terrestrial  syystems  w.as  limited  In  comparison 
to  Information  on  aquatic  ecosystems;  therefore  Information  reg.ardlng  uptake 
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of  total  mercury  was  considered  as  well  as  uptake  of  mathylmercury .  The 
ratio  of  mercury  In  soil  to  plant  tissue,  the  EMF ,  can  be  estimated  from 
results  from  a  study  by  Shaw  et  ai-  (1986).  Observed  geometric  mean 
magnification  factors  in  different  parts  of  various  plant  species  on  a  wet 
weight  basis  ranged  from  0-013  for  fruit  to  0-029  for  leaves  (Table  5.2-^2). 
Each  plant  tissue  type  represents  a  separate  data  point,  since  the  data  were 
relatively  extensive- 

EMF  -  Cb/CsoQ  -  0-013  (10) 

The  concentration  of  mercury  In  terrestrial  mammal?  Is  usually  low  and  Is 
directly  related  to  the  concentration  In  the  diet  (NAS,  1978).  Significant 
concentrations  (exceeding  0-5  ppm)  have  been  observed  In  animals  grazing 
near  a  chlor-alkall  factory  (Shaw  and  Panlgrahl,  1986):  however,  the  plants 
In  the  area  were  highly  contaminated,  with  some  concentrations  exceeding 
5  ppm- 

Sheep  grazing  on  contaminated  fields  concentrated  mercury  from  vegetation 
(Elsler,  1937).  Highest  tissue  concentrations  were  observed  In  lung, 
kidney,  and  liver,  while  brain  and  muscle  concentrations  were  lowest-  For 
dietary  concentrations  ranging  from  1-9  to  6-5  ppm  In  forage,  tissue 
concentrations  In  sheep  after  23  months  were  <1-0  ppm  In  muscle  to  9.0  ppm 
In  lung.  After  applying  a  correction  factor  to  forage  concentrations  of  0.5 
(based  on  values  reported  by  Baes  et  al-.  1989)  to  convert  dry  weight  to  wet 
weight,  a  geometric  mean  BAF  of  1-19  was  calculated  (Table  5.2-92).  Values 
below  the  detection  were  not  used  to  calculate  the  mean- 

For  mink  simultaneously  exposed  to  raethy Imercury  and  PCBs,  the  geometric 
mean  magnification  from  a  0-5  ppm  commercial  diet  to  Internal  organs  wa.s 
23-2  (Wren  et  ai.,  1937).  whole  body  BAFs  would  probably  be  lower.  In  a 
field  study  that  compared  tissue  concentrations  In  mln't  and  otter  with 
concentrations  In  fish,  BAFs  were  3.93  and  3.39,  respectively  (Foley  et  ai-, 
193-3).  Accumulation  factors  for  different  organs  were  averaged  to  obtain 
one  data  point  each  for  the  Elsler  (1937)  and  the  Wren  et  ai-  (1937) 
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Table  5.2-A2.  Bloaccumulat ion  Factors  for  Mercury  for  Terrestrial 
Species  in  the  Pathways  Analysis  (Page  1  of  2) 


Species  Form 

Organ 

N** 

BAF 

Mean 

Source 

Plants* 

Total 

root 

18 

0.019 

Shaw  and 

stem 

18 

o.ou 

Panigrahl , 

leaf 

18 

0.029 

1986 

fruit 

8 

0.013 

Geometric  Mean 

for 

Plants 

0.018 

Birds 

Mallard  MeHg 

egg 

11 

9.38 

Heinz.  1976: 

1  iver 

5 

1A.5 

Heinz.  1979 

kidney 

5 

18.2 

muscle 

5 

7.92 

brain 

5 

5.^.8 

ovary 

5 

7.0 

Geometric  Mean 

for 

Mallard 

9.5 

Black  MeHg 

kidney 

... 

5.3 

Finley  and 

duck 

Stendell . 
1978 

Black  MeHg 

1  Iver 

... 

7.7 

Finley  and 

duck 

Stendall . 
1978 

Geometric  Mean 

for 

Black  Duck 

6.4 

Chicken  MeHg 

1 Iver . 

40 

March  et  al. 

kidney 

1983 

Chicken  MeHg 

organs 

— 

3.7  -  24.7 

March  et.  ai. 
1983 

Chicken  MeHg 

muscle 

-- 

7.3  -  13.2 

March  et  ai. 
1933 

Geometric  Mean 

for 

Chicken 

20.4 

Geometric  Mean 

for 

Birds 

11 
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Table  5-2-42.  Bloaccumulat Ion  Factors  for  Mercury  for  Terrestrial  Species 
In  the  Pathways  Analysis  (Page  2  of  2) 


Species 

Form 

Organ 

BAF 

Mean 

Source 

Mammals 

Sheep 

Total 

brain 

—  — 

0-52 

Elsler,  1987 

1  Iver 

— 

1-14 

kidney 

— 

1-48 

lung 

— 

1-90 

Geometric  Mean  for  Sheep 

1-14 

Mink 

MeHg 

brain 

3 

7-09 

Wren  et  al-  . 

1987 

liver 

3 

36-9 

kidney 

2 

47-6 

Geometric  Mean  for  MeHg  in  Mink 

23.2 

Mink 

Total 

1  Iver 

3-93 

Foley  el  al- 

1938 

Otter 

Total 

1  Iver 

— 

3-39 

Foley  et  ai- 

1988 

Geometric  Mean  for  Manasals 

«.3 

*  A  median  value  of  mercury  levels  In  summer  and  winter  vegetation 
was  used  to  calculate  the  BAF - 


V(*  Number  of  samples- 
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studies-  The  data  for  mink  and  otter  collected  by  Foley  el.  al-  (1988)  were 
treated  as  separate  data  points  since  the  data  were  extensive 
(Table  5-2-^2).  The  concentration  factor  for  niammals  is: 


®^^mammal  “  *-b^^dlet  “ 


For  birds,  mean  BAF  was  derived  from  several  studies-  Data  from  two  studies 
by  Heinz  were  combined  by  organ  to  derive  a  geometric  mean  accumulation 
factor  for  mallard  of  9-5-  Data  from  March  et  al-  (1983)  were  used  to 
derive  a  data  point  for  black  duck  of  6-m,  and  data  from  Finley  and  Stendell 
(1978)  were  used  to  derive  a  data  point  for  chickens  of  20-A-  When  the  data 
are  reported  as  a  range,  the  midpoint  of  the  range  was  used  to  calculate  the 
geometric  mean-  To  calculate  the  overall  geometric  mean,  the  three  data 
points  derived  for  each  species  were  used- 


The  BAF  for  birds  is; 

®''^blrd  ”  ^b^'-dlet  ” 


Thus,  the  terrestrial  part  of  the  food  web  becomes: 

0.018  X  A-3  -x  11 
soil  ->  plants  ->  mammals  ->  eagles 


The  fraction  of  mercury  Ingested  by  eagles  Is  related  to  the  amount  of  small 
mammals  In  their  diet,  which  Is  10  percent-  The  amount  of  bloaccuraulat Ion 
and  transfer  of  mercury  from  one  trophic  level  to  the  next  Is  negligible 
compared  to  the  amount  from  the  aquatic  sections  of  the  food  web-  Total 
blomagnlf Icat Ion  in  terrestrial  systems  from  soil  to  bald  eagle  Is  0-85,  and 
correcting  for  the  fraction  of  mammals  In  the  eagle  diet,  blomagn 1 f 1 ca t ion 
through  the  terrestrial  food  chain  becomes  0.085. 

Sesuils_aEd_Dls cuss ion 

Pathway  Six,  the  terrestrial  based  food  chain,  forms  10  percent  of  the  eagle 
diet.  Soil  criteria  can  be  estimated  using  MATC  and  the  accumulation  In  the 
terrestrial  food  chain  as  follows: 
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__KA1C _  -  Csoii  -  _0^S_  -  9. A  ppm  (6) 

Total  BMF  0.085 

Based  upon  observed  winter  feeding  behavior  of  bald  eagles  at  RMA,  Pathway 

Four  forms  approximately  90  percent  of  the  eagle  diet.  This  means  that 

bloaccumulat Ion  In  the  terrestrial  based  food  chain  Is  90  percent  of  total 

possible  accumulation  In  the  terrestrial  food  chain  (0.85).  or  0.76.  This 

reduces  the  soil  criterion  by  a  corresponding  amount: 

_ MAIC _  •  *-soll  “  -QiS-  ”  1- •  1  PP™  (6) 

Total  BMF  0.76 

Because  eagles  depend  on  terrestrial  prey  at  RMA.  the  lower  soil  criterion 
should  be  used  to  represent  the  "no  effects"  level  in  soil  on  flMA. 

The  soli  criterion  derived  from  Pathway  Six  can  also  be  used  to  predict 
toxicity  to  small  mammals  exposed  to  contaminants  from  Ingesting 
contaminated  soil.  An  exposure  rate  as  a  function  of  the  acceptable  soil 
criteria  can  be  estimated  from  the  soil  criterion  and  the  soil  Ingestion 
rate  for  small  raamm.als  as  follows: 


Soil  Criterion  x  Soil  Ingestion  Rate  «  Dally  Exposure 

1.1  mg/kg  soil  X  0.000373  kg  soll/kg  bw/day  »  0-00096  mg/kg  bw/day 


The  exposure  rate  based  on  a  soil  criterion  of  1.1  mg/kg  soil  Is  about  two 
orders  of  magnitude  lower  than  estimated  chronic  NOEL  for  rats  (0-01  to  0.33 
mg/kg  bw),  and  the  chronic  LOaEL  for  mink  (0-05  mg/kg  bw/day),  and  therefore 
direct  toxic  effects  are  not  expected  at  the  criterion  level  of  1-1  mg/kg  In 
soil.  The  dally  Intake  of  mercury  from  Ingesting  soil  represents  a 
conservative  estimate  as  an  assimilation  efficiency  of  100  percent  Is 
assumed . 


Because  blomagnlf lea t Ion  In  the  terrestrial  food  chain  Is  less  than  1,  a 
terrestrial  food  web,  based  on  the  American  kestrel  as  the  top  carnivore, 
will  not  be  constructed  for  mercury- 
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I' I 


5. 2. 5. 6  UDCfiEtainty_Anali;sis 

In  the  uncertainty  analysis,  all  of  the  Intake  rates  (R  values)  and  percent 
of  Items  In  diet  are  treated  as  triangular  distributions  where  the  minima 
and  maxima  are  known  and  a  best  estimate  within  that  range  has  been 
determined-  Using  the  triangular  distribution  as  Input,  the  best  estimate 
will  be  more  likely  than  values  near  either  end  of  the  range-  Methodology 
for  the  uncertainty  analysis  Is  described  In  detail  In  the  forthcoming 
Offpost  Endangerment  Assessment-  Diets  of  each  link  on  the  sink  food  web 
are  summarized  In  Table  5-2-A3-  Organic  carbon  content  of  the  sediment  of 
the  RMA  lakes  Is  a  measured  value  (EBASCO,  1988)-  In  the  upper  1  foot  (ft) 
of  sediment,  organic  carbon  appears  to  follow  a  lognormal  distribution  with 
a  mean  of  0-65  percent  and  a  standard  deviation  of  0-62  percent. 

In  this  analysis,  the  diet  of  eagles  Is  assumed  to  be  supplied  only  by  the 
aquatic  food  chain  with  mallards  and  pike  as  the  prey-  Therefore,  the 
pathway  for  mercury  In  terrestrial  systems  was  excluded  In  the  uncertainty 
analysis-  Assimilation,  or  absorption  of  Ingested  mercury  In  birds  and  fish 
was  determined  to  loJ-^ow  a  log-normal  distribution  with  the  mean  and 
standard  deviation  of  0-^88*  0-023  and  0-408*  0-100.  respectively-  The 
uncertainty  analysis  Is  applied  to  the  best  estimation  of  k2.  BCFs.  Kj .  and 
their  effects  on  the  resulting  BMF.  C.^.  and  Cgej- 


The  rate  of  depuration  of  absorbed  mercury  Is  apparently  faster  In  birds 
than  In  fish  (Stlckel  ei  ai-.  1977;  Swenson  and  Ulfvarson.  1968a)-  Based  on 
the  two  k2  values  from  mallard  drakes  and  fowl  (Stlckel  et  ai- .  1977; 
Swensson  and  Ulfvarson.  1968a.  respectively)  and  the  three  averaged  k2 
values  from  the  breast  of  chicken,  pheasant,  and  duck  fed  with  0-33  and 
3-3  ppm  mercury  diets  (as  methylmercury  dlcyand lamlde) .  a  log-normal 
distribution  with  a  mean  of  0-042  day”^  and  a  standard  deviation  of 
0-021  day“^  was  chosen  to  be  the  most  representative  one-  Mercury 
depuration  rates  In  fish  were  estl.-nated  from  four  different  fish-  Applying 
these  values  to  the  distribution  analysis  results  In  a  log-normal 
distribution  with  a  mean  of  0-003  day“^  and  a  standard  deviation  of 
0-003  day-1. 
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Table  5.2-43.  Dietary  Input  Factors,  Mercury  Pathways  Analysis. 
R  "  Total  Dietary  Intake  (day)"^ 


Minimum 

Best 

Est Imate 

Maximum 

Eagle 

0.51 

0.57 

0.76 

Mallard 

0.45 

0.52 

0.93 

Pike  ■ 

0.01 

0.03 

0.05 

Blueglll 

0.01 

0.03 

0.05 

Percent  of  Item  in  Diet 

Eagle/Mallard 

14 

28 

42 

Eagle/Plke 

58 

72 

86 

Mai lard /Invertebrates 

*0 

53 

75 

Mallard/Aquatic  Plants 

25 

42 

60 

Blueglll /Plankton 

6 

12 

18 

Blueglll /Invertebrates 

82 

83 

94 

Source;  ESE,  1988. 
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All  available  BCF  data  for  aquatic  plants  and  plankton  were  combined  to 
yield  a  database  with  four  values-  Analyzing  this  database  results  In  a 
log-normal  distribution  with  a  mean  standard  deviation  of  1>163*2A6- 
Slmllarlyi  BCFs  for  snails  and  Invertebrates  were  composited  and  weighted 
equally  to  yield  a  log-normal  distribution  with  a  mean  of  li311  and  a 
standard  deviation  of  1.0^0-  It  was  also  determined  that  BCFs  for  mercury 
In  bluegllls  and  pike  follow  the  same  log-normal  distribution  with  the  mean 
standard  deviation  of  1,700«^AA  and  A.A27ill^7,  respectively- 

Considering  the  two  Kjj  values  determined  directly  from  the  lake  sediments 
(Bonner  and  Bustamentei  1976)  and  the  two  sediment  Kj  values  derived  from 
the  geometric  mean  of  the  lowest  and  highest  Kj  values  In  soils  (Andersson, 
1967:  Aomlne  and  Inoue.  1967),  a  log-normal  distribution  was  chosen  to 
represent  the  Kj  distribution  In  sediments  (raean-963  ml/g:  standard 
devlatlon-211  ml/g). 

Based  on  the  Input  values  determined  above  regarding  mercury  uncertainty 
analysis  for  bald  eagles,  the  best  estimate  BMF  Is  4-30x10^  with  a  5  percent 
chance  that  the  eagle  BMF  will  be  equal  or  less  than  7.76x10^  (or  equal  or 
greater  than  3.56x10^).  The  medium  estimate  of  the  water  concentration  that 
will  not  result  In  unacceptable  tissue  concentrations  In  bald  eagles  Is 
1.89x10"^  ppm,  with  lower  and  upper  bounds  of  3.01x10"^  and  1.12x10"^  ppm, 
respectively.  The  best  estimate  of  the  sediment  concentration  that  will  not 
result  In  unacceptable  tissue  levels  Is  1.80x10"^  ppm.  There  Is  a  5  percent 
chance  that  sediment  concentrations  of  2.09x10'^  ppm  or  less  could  result  In 
unacceptable  tissue  concentrations:  there  Is  also  a  5  percent  chance  that 
sediment  concentrations  up  to  0.112x10"^  ppm  are  acceptable  In  the  aquatic 
food  chains  for  bald  eagle. 

5. 2. 5. 7  Summary.and.ConclusiQDS 

Mercury  Is  a  highly  toxic  contaminant  of  aquatic  ecosystems  on  RMA ,  and 
large  BCFs  are  observed  In  aquatic  organisms-  The  BCFs  Increase  with 
Increasing  trophic  level:  thus,  threatening  animals  at  the  top  of  the  food 
web.  8CF  values  for  lower  trophic  level  organisms  were  based  on 
methylmercury  and  on  RMA  data,  which  measured  total  mercury.  BCF  values  for 
fish  were  based  strictly  on  methylmercury,  because  BCF  values  were  higher 
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for  methylmercury  than  for  Inorganic  mercury-  Toxclty  data  for  avian 
species  were  also  based  on  values  for  methylinercury .  because  in  general 
methylmercury  is  more  toxic- 

"No  Effects"  levels  in  water  based  on  the  Pathwyas  Analysis  (0-016  ppb)  are 
essentially  equivalent  to  EPA  chronic  criteria  for  water  (0-012  ppb)-  The 
"no  effects"  level  in  sediment  based  on  the  Pathways  Analysis  Is  0-016  ppra, 
and  In  soil  the  "no  effects"  level  is  1-1  ppm.  For  terrestrial  biota 
consuming  surface  water,  an  acceptable  level  Is  O-Ol  ppra-  The  lowest  value 
in  water  (0-00^  pph)  is  based  on  toxicity  to  aquatic  life,  with  a 
corresponding  sediment  criteria  of  0-00^  ppm- 

The  site-specific  criteria  for  water,  sediments,  and  soils  are  as  follows: 


Water 

Sediment 

Soil 

Method  _ 

Ippbl 

_ Ippnl _ 

(.ppml 

Water  Ingestion 

3-^1 

3-A 

NA 

Aquatic  Pathways 

Analysis 

0-016 

0.016 

NA 

Aquatic  Life 

O.OOti 

0.004 

NA 

Terrestrial 

Pathway  Analysis 

NA 

NA 
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5 . 3  CQHlAMIHAai_JEEZ£CIS 

A  variety  of  adverse  effects  are  known  to  occur  in  biota  as  a  result  of 
exposure  to  many  of  the  contaminants  that  are  found  on  RMA.  Lethal  effects 
(e-g.,  effects  resulting  In  death)  and  sublethal  effects  (e-g-,  behavioral 
effectSi  physiological  effects  such  as  eggshell  thinning  and  reduced 
acetylcholinesterase  levels  in  the  brain)  on  individuals  can  resultt  and 
these  can  Impact  populations  through  decreased  reproductive  success-  Other 
adverse  effects  (e-g-,  carcinogenic  and  teratogenic  effects)  may  also  occur 
but  are  more  difficult  to  detect. 

In  order  to  establish  a  relationship  between  a  contaminant  and  an  observed 
effect  on  an  organism,  the  contaminant  must  be  present  In  the  environment  of 
the  organism,  a  pathway  must  exist  between  the  environment  and  the  organism 
(e-g-.  direct  exposure  in  the  aquatic  environment  or  food  chain  pathways), 
and  the  observed  effect  must  be  demonstrably  related  to  the  particular 
contaminant ( s )  being  evaluated-  For  some  chemicals.  It  Is  additionally 
appropriate  to  document  the  occurrence  and  concentration  of  particular 
contaminants  (e-g-.  organochlor Ine  pesticides)  In  the  environment  to 
correlate  these  values  with  specific  effects- 

This  section  synthesizes  Information  on  various  specific  contaminant  effects 
In  biota-  These  data  are  discussed  In  combination  with  data  on  contaminants 
In  abiotic  media  and  In  biota  from  onpost  and  offpost  sites-  Where 
appropriate,  the  results  of  effect  studies  and  contaminant  concentrations 
were  statistically  analyzed  In  order  to  evaluate  contamination  effects- 
Statlstlcal  analyses  of  contaminant  data  In  biota  are  discussed  In  Section 
A-O-  Detailed  descriptions  of  statistical  analyses  used  for  contaminant  and 
effects  Investigations  are  provided  In  Appendix  B-  Contaminant  effects  on 
vegetation.  Invertebrates,  and  aquatic  ecosystems  are  discussed  In  turn  In 
the  sections  that  follow. 

5-3-1  TERRESTRIAL  VEGETATION 
5- 3.1-1  CQmmunily_£calagy 

Contaminant  effects  on  community  ecology,  their  variation  among  species,  and 
food  chain  implications  of  the  levels  detected  are  discussed- 
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The  distribution  and  species  composition  of  terrestrial  vegetation  on  RMA  Is 
the  result  of  the  existing  natural  vegetation,  past  land  use  practices 
(e-g-i  grazing,  cropland  development,  fJIA  facility  development),  and  current 
RMA  land  use  management  practices-  These  factors  provide  a  background 
against  which  possible  contaminant  effects  are  evaluated- 

Vegetation  studies  conducted  by  Shell/MKE  (MXE,  1938)  compared  aspects  of 
the  community  ecology  of  RMA  with  offpost  control  sites  at  Buckley  ANC  and 
the  PCC -  Observed  differences  In  total  vegetation  cover  between  crested 
wheatgrass  at  RMA  and  Buckley  ANC  were  statistically  significant,  while 
differences  In  total  productivity  were  not-  Species  richness  In  native 
grassland  on  RMA  was  higher  than  at  either  of  the  offpost  sites-  The 
greater  number  of  species  recorded  at  RMA  probably  relates  to  the  greater 
areal  extent  of  native  grasslands  onsite,  and  the  greater  nuraer  of  samples 
taken-  Comparisons  of  phenology  revealed  no  detectable  differences  between 
RaMA  and  the  offpost  control  arcas- 

Plant  communities  In  proximity  to  Basins  A  and  F  on  RMA  were  compared  with 
those  from  other  portions  of  RMA-  These  areas  were  dominated  by  weedy 
communities,  but  were  not  found  to  be  significantly  different  from  the 
communities  In  other  parts  of  RMA  with  respect  to  cover,  production,  or 
species  composition-  Comparisons  with  vegetation  communities  within  major 
sites  of  contamination  such  as  Basin  A  were  not  possible  because  the 
potential  effects  of  chemical  contamination  could  not  be  separated  from  the 
extensive  surface  disturbance  and  soil  compaction  that  existed  at  the  time 
of  field  studles- 

5  -  3- 1  -  2  £ff eci3_of_CQ3t.2min3Ct_Lev2ls_in_Ieccsstcial_Elant3 
Arsenic  levels  observed  In  the  leaves  of  sunflower  samples  from  Basin  A  are 
within  a  range  that  is  toxic  to  some  species  of  plants  (Section  ti-3).  but 
that  Is  tolerated  by  oth-ers-  Sunflowers  within  Basin  A  did  not  show  signs 
of  obvious  phytotoxlclty-  Arsenic  levels  in  the  soils  of  Basin  A  may  have 
contributed  to  the  low  diversity  of  plant  species  within  the  area,  but  the 
high  level  of  physical  disturbance  and  soli  compaction  in  much  of  the  -are-a 
made  this  hypothesis  difficult  to  evaluate- 
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Dleldrln  was  detected  In  sunflowers  collected  in  Sections  26  and  36  (Basin  C 
and  Basin  A  areaSi  respect Ively) >  and  nsornlng  glory  collected  In  the 
vicinity  of  Basin  A  (no  niornlng  glory  was  found  In  the  Basin  C  area  of 
Section  26).  Dleldrln  Is  not  a  phytotoxic  chemical,  and  no  direct  adverse 
effects  would  be  expected  from  the  levels  detected. 

The  endrln  level  documented  for  sunflower  leaves  from  Basin  C  (0.188  ppm)  Is 
lower  than  any  documented  hazardous  level  for  the  diet  of  birds  or  mammals. 
Pathways  analysis  for  endrln  (Section  5.2.5)  also  Indicates  that  these 
levels  are  probably  not  a  problem  for  higher  taxa  In  the  terrestrial  food 
chain. 


Llpld-soluble  chemical  contaminants  (e.g..  organochlorine  pesticides)  that 
might  enter  a  plant  through  the  roots  would  be  expected  to  be  translocated 
within  the  plant  and  concentrated  In  the  oll-rlch  seed  heads.  The  presence 
of  contaminants  In  leaf  samples  but  not  In  seed  heads  of  sunflowers  suggests 
that  these  contaminants  may  have  been  present  In  surface  soil  and  deposited 
on  the  waxy  cuticle  of  leaves  during  showers  or  surface  disturbances. 

5.3.2  INVERTEBRATES 

Three  Invertebrate  groups  (aquatic  snails,  grasshoppers,  and  earthworms) 
were  selected  for  population  studies  as  a  means  of  evaluating  potential 
contaminant  effects. 

5 . 3 ■ 2 . 1  AquatiC-SDaiis-Eopuiallons 

Snail  samples  were  collected  In  five  onpost  lakes  and  two  offpost  control 
lakes.  Data  on  snail  weight  and  snail  numbers  were  collected. 

Sampling  results  Indicated  significant  differences  In  snail  population 
density  between  RMA  lakes  and  offpost  control  lakes  (p  >  O-OOl)  for  1986  and 
1987,  and  for  snail  weights  per  unit  area  between  onpost  and  control  lakes 
In  1937.  No  significant  differences  were  detected  between  control  and 
onpost  snail  weights  per  unit  area  during  1936-  Significant  differences 
lln  weight  were  detected  between  controls  for  1986  and  1987  (p  >  0001).  and 
among  onpost  lakes  (p  >  001)  for  1986  but  not  In  1937. 
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The  results  of  statistical  analyses  indicate  that  a  very  high  degree  of 
variability  exists  atoong  sites  and  between  years-  Multiple  regression 
analyses  of  snail  results  with  the  covarlates  of  vegetation  (substrate) 
weight,  temperature,  and  pH  Indicated  that  these  factors  affected  results- 
Interpretation  of  these  analyses  suggests  that  differences  between  onpost 
(contaminated)  sites  and  offpost  (control)  areas  are  attributable  to  a 
number  of  environmental  factors,  some  of  which  vary  with  time  (e-g-, 
temperature,  amount  of  substrate,  etc-)-  The  lack  of  contaminant  analyses 
for  aquatic  snails  and  the  lack  of  pattern  In  variability  do  not  allow  any 
conclusions  with  respect  to  the  possible  effects  of  RMA  contaminants  on 
aquatic  snail  populations  at  RMA- 

5- 3-2- 2  Gcasshoppec-Bopulatlons 

Grasshopper  populations  were  surveyed  at  onpost  and  offpost  control  sites, 

In  Section  26  (Basins  C-F  area)  and  Section  36  (Basin  A  area)-  Sample 
results  were  highly  variable,  and  stat 1st  leal  analyses  Indicated  no 
significant  differences  among  sites-  Field  observations  and  vegetation  data 
from  sample  sites  Indicated  that  grasshoppers  were  abundant  In  sample  areas 
with  forb  cover,  especially  In  areas  such  as  Basin  C  where  sunflowers 
dominated • 

None  of  the  seven  target  analytes  were  detected  in  samples  from  either  the 
offpost  or  onpost  control  areas-  Samples  from  Section  26  (Basin  C-F  area) 
contained  organochlorine  pesticides:  aldrln  (4  of  4  samples),  dleldrln  (4  of 
4  samples),  and  endrln  (3  of  4  samples)  but  no  DDE,  DDT,  mercury,  or 
arsenic-  Samples  from  Section  36  (Basin  A  area)  contained  only  one 
organochlorine  pesticide,  dleldrln  (4  of  4  samples),  but  also  contained 
mercury  (2  of  4  samples)  and  arsenic  (4  of  4  samples)- 

The  highest  level  of  mercury  (0-103  ppm)  detected  In  grasshoppers  could  pose 
a  potential  hazard  to  birds  at  upper  trophic  levels  in  the  terrestrial  food 
web  because  It  exceeds  the  recommended  bird  dietary  levels  of  0-05  to  0-1 
ppm  (Elsler,  1987)-  Although  this  was  a  single  sample,  It  was  a  composite 
of  more  than  50  Individuals  and  represents  an  average  value  for  the  sample 
location-  Levels  of  0-5  ppm  of  mercury  in  the  diet  of  birds  can  adversely 
affect  reproduction  (Section  5-2-6)- 


5-311 


-RMA-O9\flIORI503.2.312 

5/A/89 


The  maximum  detected  level  of  arsenic  was  6.60  ppm  In  composite  samples  of 
grasshoppers  from  Section  36  on  RMA-  Arsenic  does  not  tend  to  bioaccumulate 
in  the  terrestrial  food  chain,  and  no  adverse  effect  levels  are  documented 
for  invertebrates-  However,  levels  this  high  may  be  hazardous  to 
Insectivorous  animals-  Elsler  (1987)  establishes  a  criterion  of  <2  mg/kg 
total  arsenic  in  the  diet  of  domestic  livestock.  Adverse  effects  on  plants 
and  acceptable  levels  In  soils  are  discussed  In  Section  5-2.3- 

The  organochlor Ine  pesticides  aldrln,  dleldrln,  and  endrln  have  high 
bloaccumulat ion  factors-  Grasshoppers  provide  a  pathway  component  for  the 
blomagnlf Icat Ion  of  organochlorlne  pesticides  such  as  aldrln,  dleldrln,  and 
endrln  In  terrestrial  food  chains  on  RMA-  Levels  In  the  range  of  those 
found  In  grasshoppers  from  Section  26  on  RMA  may  produce  sublethal  effects 
In  birds  such  as  the  American  kestrel  that  consume  grasshoppers  (see 
discussion  In  Section  5-3.3.A,  Avian  Reproductive  Success).  Many  bird  and 
mammal  species  that  Inhabit  RMA  feed  on  grasshoppers,  particularly  at 
seasons  when  they  are  abundant.  They  are  a  major  source  of  food  for 
kestrels,  pheasants,  and  other  species  Important  In  RMA  food  webs. 

Aldrln  and  dleldrln  are  treated  together  because  of  their  similarity  In 
structure  and  effect  (see  Section  5.2-2),  and  their  effective  concentrations 
are  considered  additive  In  terms  of  effect  because  aldrln  Is  converted  to 
dleldrln.  The  highest  composite  sample  level  of  dleldrln  detected  In 
Section  36  was  0.AA6  ppm:  no  aldrln  was  detected  from  this  area-  In 
Section  26,  dleldrln  levels  reached  a  high  of  7-2  ppm,  and  aldrln  levels 
reached  5-8  ppm.  The  concentrations  of  dleldrln  found  In  bird  species 
collected  near  sites  of  contamination  are  probably  due  In  part  to  the 
consumption  of  grasshoppers  and  other  Invertebrates  contaminated  with 
aldrln/dleldrln-  The  role  of  grasshoppers  In  terrestrial  food  webs 
containing  aldrln/dleldrln  Is  discussed  In  Section  5.2.1. 

Endrln  was  detected  In  grasshoppers  at  levels  reaching  1-65  ppm  In 
Section  26-  Endrln  Is  several  times  more  toxic  to  wildlife  than  either 
aldrln  or  dleldrln.  Dietary  levels  of  O-S  ppm  are  lethal  to  dogs,  and 


levels  of  3-0  ppm  In  the  diet  of  birds  are  correlated  with  decreased  embryo 
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survivability  and  weight  loss-  Although  levels  of  3-44  and  3.47  ppm  of 
endrln  were  found  In  mourning  dove  tissue  (Section  4.3)i  toxic  levels  of 
endrln  were  not  detected  In  samples  of  species  from  RMA  that  prey  on 
grasshoppers-  It  Is  possible  that  endrln  levels  found  In  grasshoppers 
could,  through  blomagnlf Icatlon,  produce  sublethal  and/or  lethal  effects  on 
Insectlvores  and  higher  order  consumers  In  RMA  biota-  Endrln  effects 
through  food  chain  pathways  are  discussed  In  Section  5-2-5. 

Only  one  grasshopper  species.  Melanoplus  sanguinipes.  was  represented  In 
each  of  the  6  samples  collected  In  contamination  sites  on  RMA  (In  or  near 
Basins  A.  C.  and  F)-  Four  and  six  grasshopper  species  were  found  In  the  two 
onpost  control  area  samples,  respectively,  and  six  species  were  found  in 
each  of  the  two  offpost  controls-  M-  sangulnipes  was  not  found  In  any  of 
the  control  samples-  The  differences  In  species  richness  (numbers)  between 
control  and  contaminated  sites  is  probably  the  result  of  the  reduced 
diversity  of  vegetation  in  sites  of  contamination,  which  were  dominated  by 
sunflowers,  and  the  corresponding  food  preferences  of  the  grasshopper 
species  Involved,  belanoplua  sangulnipes  is  a  widespread  omnivorous  species 
known  to  prefer  forbs  (Caplnera  and  Sechrist.  1982)  and  hence  would  be 
expected  to  forage  in  all  areas  sampled- 

5 -3-2-3  EacthyQEms-EQpulatiQns 

Statistical  differences  were  determined  using  a  hierarchical  set  of 
orthogonal  comparisons  first  to  test  for  differences  between  population 
numbers  at  the  offpost  and  onpost  control  sites,  then  compare  controls  as  a 
group  with  the  South  Plants  site-  Results  of  population  comparisons 
indicated  that  onpost  and  offpost  controls  were  s ignl f i cant ly  different,  and 
that  controls  as  a  group  were  significantly  different  from  the  South  Plants 
site  - 

All  earthworms  Identified  in  composite  samples  from  all  sites  on  and  off  RMA 
were  of  the  genus  Apporeclodea-  and  those  that  could  be  identified  to 
species  were  A-  tcapezoides-  This  species  is  the  most  common  earthworm 
throughout  much  of  the  arid  portions  of  the  United  States  (Fender,  1983). 
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Four  of  the  seven  target  analytes  (arsenic,  dleldrln,  endrln,  and  mercury) 
were  found  In  earthworms  from  the  three  sites  surveyed-  Contaminant  levels 
In  worm  samples  are  presented  In  Table  ^■3-1-  Only  arsenic  showed 
significant  differences  among  sites;  the  offpost  control  differed 
significantly  from  the  onpost  control,  but  no  differences  were  detected 
between  controls  and  the  South  Plants  site-  Arsenic  levels  were  highest  In 
the  onpost  control  site,  which  also  had  the  highest  population  levels:  thus. 
It  appears  that  population  levels  were  not  adversely  affected  by  levels  of 
RMA  contaminants- 

Dietary  levels  of  both  mercury  and  organochlor Ine  pesticides  could  pose  a 
hazard  to  animals  that  consume  large  quantities  of  earthworms  (see  preceding 
discussion  for  effects  on  grasshoppers)-  Pocket  gophers  and  other  species 
that  feed  on  and  around  the  roots  of  plants,  where  worms  are  usually  found, 
may  also  be  exposed-  The  relatively  low  density  and  patchy  distribution  of 
earthworms  found  during  surveys  suggest  chat  this  may  not  be  a  significant 
ecological  problem  at  RMA- 

5-3-3  VERTEBRATES 

For  vertebrates,  AChE  Inhibition,  Impacts  on  prairie  dog  populations,  eagle- 
and  other  birds  of  prey  populations,  and  avian  reproductive  success  were 
considered  In  the  evaluation  of  contaminant  effects- 

5 -3- 3-1  Brain.Acetylchalinesiecase-IabibiliQn 
Sleds 

AChE  assays  were  run  on  mallards  from  RMA  (n  -  9,  mean  -  Id-S^i)  and  offpost 
control  sites  (n  «  6,  mean  •  13-51)  and  pheasants  from  RMA  (n  -  6,  mean  « 
21-77)  and  offpost  control  sites  (n  «  7,  mean  •  23-08)-  Neither  of  the  RMA 
samples  differed  significantly  from  controls  (Appendix  B)-  Values  for  both 
of  the  -RMA  groups  differed  from  the  offpost  control  values  by  less  than  20^, 
the  level  generally  accepted  as  Indicative  of  exposure  to  AChE- 1 nhl bl t Ing 
toxicants  (Robinson  et  al-,  1938)- 

Assays  were  also  run  on  one  mourning  dove,  two  golden  eagles,  and  three  rsd- 
talled  hawks  found  dead  on  RMA-  The  AChE  level  in  the  mourning  dove  (39-33) 
was  higher  than  the  mean  of  16  for  apparently  normal  mourning  doves,  as  were 
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the  values  for  golden  eagles  (23-89  and  28-99  on  RMA  compared  to  lA)  and  for 
red-talled  hawks  (27. A3,  23-89,  and  28-99  on  RMA  compared  to  19)-  Values 
for  apparently  normal  birds  are  from  Hill  (1988). 

Knlttle  and  Tucker  (197A)  found  no  significant  differences  In  AChE  activity 
In  avian  species  due  to  age  or  sex  within  species  or  the  process  of  freezing 
and  thawing  of  samples,  but  did  detect  reductions  In  AChE  due  to  postmortem 
decomposition  and  differences  among  different  areas  of  the  brain-  Studies 
conducted  at  Patuxent  Wildlife  Research  Laboratories  have  shown  age 
differences  In  avian  brain  AChE  activity,  particularly  In  altrlclal  blrds- 
Bralns  analyzed  In  this  study  were  homogenized  whole  prior  to  taking  a 
subsample  In  order  to  reduce  any  possible  differences  due  to  subsampling 
prior  to  homogenlzat lon- 

tdamioals 

Blackrtailed_2caicie_DQg--AChE  levels  were  highest  in  samples  from  offpost 
control  (mean  -  16-A5),  followed  by  the  onpost  control  (mean  -  lA-06), 
Section  36  (mean  «  13-68),  and  TSY  (mean  -  10-69).  Statistical  analysis  of 
all  groups  Indicated  that  the  combined  onpost  and  offpost  controls  differed 
significantly  from  the  combined  onpost  contaminated  groups  (p  <  0-01),  that 
the  two  control  groups  differed  significantly  from  each  other  (p  <  0-05), 
and  that  the  two  onpost  contaminated  sites  differed  significantly  from  each 
other  (p  <  0-05)  (see  Appendix  8  for  detailed  discussion). 

Brain  AChE  Inhibition  exceeding  20  percent  Is  generally  considered 
Indicative  of  exposure  to  AChE-lnhlblt Ing  chemicals  (Robinson  et  al ■ ,  1988). 
Neither  the  onpost  control  or  Section  36  groups  differed  from  the  offpost 
control  by  20  percent,  but  the  TSY  group  was  35  percent  lower  then  offpost 
controls.  Several  chemicals  found  In  the  area  could  contribute  to  the 
observed  AChE  Inhibition-  Arsenic  compounds  (arsenlte  Ion  and  to  a  lesser 
e.xtent  the  arsenate  Ion)  are  known  to  Inhibit  AChE  (Olson  and  Christensen, 
1980),  as  do  some  metal  ions  Including  cadmium,  copper,  and  lead  (Tomlinson 
Ei  al-,  1980).  Some  of  these  toxicants  can  have  an  accumulative  effect  in 
combination  with  the  enzyme  AChE  (Olson  and  Christensen,  1981),  but  the 
mechanism  of  action  Is  not  known-  These  metal  Ions  were  found  in  the  nenr 
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surface  soils  (0  to  1  ft)  during  soil  assessment  studlesi  but  were  not  above 
the  background  levels  for  these  solls- 

Cottontail-Babbils — No  significant  differences  were  detected  In  brain  AChE 
among  cottontails  from  the  three  locations  sampled-  Differences  In  diet  and 
level  of  fossorlal  activity  may  account  for  dlfferneces  In  AChE  respones 
between  cottontails  and  prairie  dogs- 

5  -  3  -  3  -  2  Black=lailed_Ej:air;is_Dog_EQpulatiQns 

A  number  of  wildlife  species  depend  either  directly  or  Indirectly  on  the 
existence  of  prairie  dogs-  Rattlesnakes,  desert  cottontails,  and  burrowing 
owls  use  the  burrows  on  prairie  dog  towns  for  cover  and  nesting,  while  many 
other  birds  utilize  prairie  dog  towns  as  feeding  and  resting  locations 
(Butts  and  Lewis.  1982;  Clark  at  ai- .  1932)-  Badgers,  coyotes, 
rattlesnakes,  bald  eagles,  golden  eagles,  ferruginous  and  a  variety  of  other 
hawks  all  prey  upon  prairie  dogs  at  RMA -  Black-tailed  prairie  dogs 
obviously  hold  an  Important  position  as  a  key  species  and  as  developer  of 
their  unique  ecosystem  on  approximately  30.percent  of  RMA  acreage  (1.961  ha. 
d.8d0  acres  of  prairie  dog  colonies). 

The  summer  1987  prairie  dog  minimum  population  estimates  (prairie  dogs  per 
one  hectare  plot),  the  plot  numbers,  and  dates  of  obsarvatlon  have  been 
compiled  and  are  shown  In  Table  5-3-1-  An  analysis  of  the  mean  and 
confidence  limits  of  the  prairie  dog  population  is  presented  In  Table  5-3-2- 
A  mean  of  19-9  bl-ack-talled  prairie  dogs  per  ha  was  found  at  RMA  In  the 
summer-  The  extent  of  prairie  dog  colonies  and  the  plot  locations  on  RMA  are 
displayed  In  Figure  5-3-1-  The  relationship  between  prairie  dog  colonies 
and  shallow  ground-water  Is  shown  on  Figure  5-3-2- 

Numbers  of  prairie  dogs  observed  above  ground  In  January  1938  on  RMA  plots 
are  listed  In  Table  5-3-3-  The  mean  number  of  prairie  dogs  on  all  plots 
counted  In  both  summer  and  winter  studies  was  21-1  In  the  summer,  and  21-0 
In  the  winter-  In  general,  the  relative  populations  of  prairie  dogs  counted 
In  both  winter  and  summer  on  the  same  plots  were  not  correlated. 
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Table  5.3-1.  Summer  1987  Population  Estimates  for  Black-tailed  Prairie  Dogs 
on  RMA. 


ELQI 

EQEULAIIQN 

DAl£S_Q£_0BSESl!AIIQa 

RMA  1 

23 

6/4  -  6/6/37 

RWA  2 

10 

6/4  -  6/6/87 

RMA  3 

33 

6/4  -  6/6/37 

RMA  4 

10 

6/10  -  6/12/87 

RMA  5 

10 

6/10  -  6/12/37 

RMA  6 

35 

6/10  -  6/12/87 

RMA  7 

18 

6/10  -  6/12/87 

RMA  8 

7 

6/10  -  6/12/37. 

RMA  9 

37 

6/16  -  6/18/87 

RMA  10 

10 

6/16  -  6/18/87 

RMA  11 

1*. 

6/16  -  6/18/87 

RMA  12 

26 

6/16  -  6/13/37 

RMA  13 

6 

7/16  -  7/18/87 

RMA  14 

4  0 

7/16  -  7/13/87 

RMA  15 

9 

7/13  -  7/15/37 

RMA  16 

13 

7/13  -  7/15/37 

RMA  17 

23 

7/16  -  7/13/87 

RMA  18 

12 

7/13  -  7/15/87 

RMA  19 

20 

7/13  -  7/15/37 

RMA  20 

27 

7/16  -  7/13/37 

Source;  Cllpplngeri  1937 
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Source : 


•3-2.  Prairie  Dog  Population  Mean  (per  hectare)  and  Confidence 
Limits  for  Summer  1987. 


Mean:  19.9  prairie  dogs  per  hectare. 

Standard  Deviation  ■  s  «  10-98 

Variance  -  s^  -  120-56 

Standard  Error  (SE)  »  2-A55 

At  95  Confidence:  19-9  /  ha  i  5-1  (»  25X) 

At  90*<  Confidence:  19-9  /  ha  i  A-2  (±  20*t) 


Cllpplngeri  1987. 
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Table  5.3-3.  January  1983  Survey:  Active  Prairie  Dogs  per  Hectare. 


Elot 
RMA  2 
RMA  5 
RMA  6 
RMA  12 
RMA  lA 
RMA  15 
RMA  18 
RMA  20 
RMA  21 
RMA  22 
RMA  23 
RMA  2U 


aasiaium_£rairie_DQS_CQunt. 

7 

13 

38 

13 

46 

11 

12 

28 

23 

23 

24 
40 


Dalss-Qbseryed 
1/14,  1/25-1/26/88 
1/26  -  1/28/88 
1/26  -  ,1/28/38 
1/14.  1/25-1/26/33 
1/11.  1/13-1/14/88 
1/25  -  1/27/83 
1/26  -  1/23/83 
1/11,  1/13-1/14/88 
1/25  -  1/27/83 
1/25  -  1/27/88 
1/11,  1/13-1/14/88 
1/11.  1/13-1/14/83 


Overall  Mean;  winter  1933  Counts.  All  Plots:  23-6  per  hectare 

Mean  of  Plots  Counted  Sumaer  1987  (and  also  counted  Winter  1938):  21.1 
Mean  of  Plots  Counted  Winter  1933  (and  also  counted  Summer  1987);  21-0 

Source:  ESE,  1933. 


5-321 


5/^/89 


Prairie  dog  densities  found  In  ESE  studies  for  summer  1987  and  winter  1988 
were  compared  by  a  one  way  ANOVA  with  a  priori  contrasts  designed  to  take 
Into  account  season  and  contamination  status.  There  were  three  major 
contiguous  prairie  dog  colonies  on  RMA:  the  easterni  central  and  western 
colonies  (see  Figure  5.3-1).  The  central  colony  Included  portions  of 
Sections  36  and  25i  which  are  possible  sources  of  contamination-  The  first 
level  of  the  hierarchical  division  of  groups  was  between  the  summer  and 
winter  census  data-  Within  the  winter  study,  combined  controls  (the  eastern 
and  western  colony  plots)  were  compared  to  the  central  colony  plots,  and  the 
eastern  colony  plots  were  compared  to  the  western  colony  plots-  Within  the 
summer  data,  plots  In  Sections  9,  20.  and  35  ("Others”)  were  compared  to  the 
combined  control  plots,  and  eastern  plots  were  compared  to  western  plots-  No 
significant  differences  were  found  between  the  winter  prairie  dog  densities 
of  the  central  RMA  colonies  and  the  control  groups,  nor  were  any  significant 
differences  detected  between  the  eastern  and  western  colonies  In  any  season. 
The  statistical  analysis  for  the  comparison  of  plot  groups  Is  presented  in 
Appendix  B- 

Surveys  for  adult  to  juvenile  prairie  dog  ratios  were  completed  by  MKE  In 
June  1986  and  May  1987  (MKE,  1988)-  At  locations  along  roads  on  RMA,  at 
Buckley  ANG,  and  the  PCC,  age-class  estimates  were  made  at  non-random 
Intervals-  The  ratios  of  adults  to  juveniles  were  then  compared  for  RMA 
versus  the  offpost  control  areas- 

Juvenile  prairie  dog  percentages  at  locations  on  RMA.  Buckley  A.NG ,  and  the 
PCC  are  presented  in  Table  5 - 3-A  (MKE,  1988)-  Estimates  of  adult-young 
prairie  dog  ratios  for  both  1986  and  1937  show  significantly  higher 
percentages  of  young  prairie  dogs  offpost  than  on  RMA-  Differences  In  the 
percentage  of  juveniles  averaged  23  percent  higher  offpost  (t  «  2-31-  df» 

2<t,  P  <  0-05)  In  1936  and  20  percent  higher  offpost  (t  «  5-3-  df  •  38,  P 
<0-001)  In  1987  (MKE,  1983). 

The  absolute  minimum  density  for  a  sustained  population  of  black-tailed 
prairie  dogs  Is  about  10  per  ha  (Lewis  et  ai-,  1979).  Most  prairie  dog 
densities  reported  In  the  literature  range  from  22  (King.  1955)  to  32  per  ha 
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Table  5.3-4. 

Parcent  of 

Young  Prairie  Dogs  at  Each  Sampling 

Location 

RMA 

OEESITE. _  . 

Locat Ion 

No-  Percent 

Location  No- 

Percent 

1986 

1987 

1986 

1987 

1 

43 

60 

Buckley  1 

62 

83 

2 

30 

67 

2 

63 

70 

3 

47 

47 

3 

63 

31 

4 

49 

59 

4 

77 

31 

5 

61 

70 

5 

75 

6 

44 

61 

6 

73 

7 

34 

58 

7 

8^ 

8 

49 

47 

8 

31 

9 

29 

55 

9 

72 

10 

61 

63 

10 

66 

11 

57 

41 

12 

50 

73 

PCC  1 

67 

13 

41 

76 

2 

70 

14 

56 

63 

3 

87 

15 

40 

53 

4 

33 

16 

16 

77 

5 

61 

81 

17 

65 

62 

6 

33 

74 

13 

69 

63 

7 

87 

19 

41 

66 

8 

76 

20 

43 

81 

9 

73 

Mean  47 

62 

Mean 

61 

77 

Source:  MKE,  1988- 
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(Tlleston  and  Lechleltner.  1966).  Thus,  the  oean  of  20  prairie  dogs  per  ha 
reported  at  RMA  In  summer  Is  on  the  lower  end  of  expected  mean  population 
densities  for  the  species. 

The  fact  that  prairie  dog  densities  and  juvenile  to  adult  ratios  are 
relatively  low  at  RMA  could  be  due  to  a  variety  of  causes  Including  normal 
cyclic  population  fluctuations  on  each  site,  the  temporal  ecology  of  prairie 
dog  colonies,  overall  habitat  suitability,  past  management  practices, 
rainfall  and  other  environmental  factors,  predation,  and  contamination 
effects-  Of  the  above  possibilities,  the  most  likely  causes  are  the 
temporal  distribution  of  prairie  dogs,  the  cyclic  population  fluctuations  In 
colonies,  and  the  variation  of  habitat  suitability  at  RMA-  New,  expanding 
black-tall  colonies  typically  have  higher  litter  sizes,  lower  juvenile 
mortality,  and  twice  the  density  (^,0  per  ha  vs-  18  per  ha)  of  colonies  that 
are  5  or  more  years  old  (Garrett  et  al-  1982)-  This  observed  effect  has 
been  attributed  both  to  limited  food  supplies  as  density  Increases,  and  a 
lack  of  preferred  sites  for  territories-  In  short,  prairie  dogs  reach 
carrying  capacity  for  a  specific  site,  and  normal  selective  pressures  lead 
to  fewer  young  and  a  lower  overall  density  at  the  older  colonies-  Since  the 
RMA  colonies  sampled  In  this  study  are  relatively  stable  overall  and  are  at 
least  5  years  old,  the  densities  and  smaller  percentage  of  young  at  RMA  may 
be  colonies  with  similar  age  and  struciuce- 

Areas  considered  optimal  habitat  for  black-tailed  prairie  dogs  must  be  at 
least  0-25  ha  In  size  with  low  vegetation  height,  a  diverse  composition  of 
native  forbs  and  grasses,  slopes  of  less  than  10  percent,  and  about  30  to  80 
percent  herbaceous  cover  (Cllpplnger,  1987).  RMA  prairie  dog  colonies  fit 
the  above  criteria,  except  they  have  relatively  low  diversity  of  vegetation. 
This  Is  reflected  In  the  high  percent  of  cover  of  cheatg.-ass  on  many  of  the 
prairie  dog  plots-  There  was  a  fairly  wide  variation  In  the  summer 
populations  (from  ^0  per  ha  to  6  per  ha)  across  the  plots  on  RMA.  indicating 
there  Is  wide  variation  In  the  habitat  suitability  across  RMA-  The  low 
diversity  of  vegetation  in  some  areas  may  have  contribut'd  to  a  lower  mean 
population  density  of  prairie  dogs  on  RMA. 
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Direct  effects  of  arsenic  and  dleldrln  contamination  on  prairie  dog  health 
are  possible,  given  the  concentrations  found  In  our  samples.  Arsenic  levels 
In  prairie  dog  carcass  samples  from  the  TSY  and  Section  36  exceeded  the 
reported  background  tissue  concentration  of  0-5  ppm  (Goede  1985).  A  prairie 
dog  carcass  from  Section  36  was  found  to  contain  13-4  ppm  of  dleldrln;  an 
estimated  brain  concentration  from  this  carcass  level  Is  2-67  ppm  (Clark  et 
al.  .  1978).  Brain  concentrations  of  dleldrln  above  2-0  ppm  are  considered 
potentially  hazardous  to  mammalian  health  (Harrison  jlL.-  1963:  Hays. 

197^.). 

Secondary  effects  of  contamination  In  prairie  dogs  (e.g..  the  adverse  effect 
on  predators  consuming  prairie  dogs)  from  sites  of  contamination  on  RMA  are 
likely  more  Important  than  any  direct  effects  on  prairie  dog  population. 
Dleldrln  levels  In  the  tissues  of  prairie  dogs  from  contaminated  sites 
(Sections  36,  26,  TSY)  on  RHA  were  significantly  higher  than  those  of 
prairie  dogs  offpost.  and  were  highest  In  Section  36  and  the  TSY  (see 
Section  <(.3.1. A).  Dleldrln  levels  In  the  tissues  of  prairie  dogs  from 
onpost  controls  (Sections  19,  20,  and  9)  were  not  significantly  different 
from  offpost  controls.  Dleldrln  from  sites  of  contamination  may  be 
accumulating  In  food  chains  Including  black-tailed  prairie  dogs  and  their 
predators:  eagles,  hawks,  badgers,  and  coyotes-  The  role  of  prairie  dogs  In 
contaminant  pathways  Is  discussed  In  Section  5.I.2. 

5. 3.3. 3  Eagles_and_Q!Lfaec_Bicds_Qf_£rey 

American  kestrels  and  bald  eagles  were  extensively  studied  on  RMA  as  part  of 
the  biota  assessment  investigations  conducted  by  ESE.  Other  raptors  studied 
during  the  course  of  other  biota  Investigations  or  analyzed  as  species  of 
chance  Include  red-tailed  hawks,  ferruginous  hawks,  great  horned  owls,  and 
golden  eagles- 

Eagles 

Bald_Eagles- -ESE  biologists  discovered  a  communal  roost  of  wintering  bald 
eagles  on  RMA  In  December,  1986.  A  study  was  Initiated  to  determine  the 
population  status  of  bald  eagles  occupying  RMA,  the  extent  of  eagle  use  of 
RMA,  and  the  food  h.ablts  of  the  eagles  (for  a  complete  account  of  the  bald 
eagle  study  see:  ESE,  198.8,  Bald  Eagle  Study,  winters  1986-1987,  1987- 
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1988).  Bald  eagles  arrive  on  RHA  In  November i  Increase  In  numbers  through 
December  and  early  January,  decline  In  February,  and  depart  RMA  In  late 
February  through  March-  Maximum  numbers  of  bald  eagles  roosting  on  RMA  were 
21  Individuals  In  January  1937  and  28  Individuals  In  January  1988- 
Simultaneous  roost  counts  at  RMA  and  Barr  Lake  Indicated  that  two  additional 
resldsint  adult  bald  eagles  and  an  occasional  wintering  bald  eagle  roosted  at 
Barr  Lake-  The  summer  population  of  bald  eagles  In  the  area  Is  limited  to 
the  resident  pair  at  Barr  Lake-  This  pair  attempted  to  nest  In  1987  and 
1988  at  Barr  Lake-  In  1987  the  nest  was  abandoned  and  a  single  egg  was 
collected  for  analysls- 

Contamlnant  analysis  of  the  bald  eagle  egg  collected  from  the  abandoned  nest 
at  Barr  Lake  In  1987  revealed  mercury,  dleldrln,  and  DDE  contamination  at 
levels  of  0-099,  0-803,  and  6-93  ppm  respectively  (Table  9-3-2)-.  This 
concentration  of  DDE  could  potentially  affect  bald  eagle  reproductive 
success-  Wlemeyer  et  al  (1989)  found  that  reproductive  failure  in  bald 
eagles  approached  100  percent  when  egg  residues  were  greater  than  15  ppm  on 
a  wet  weight  basis,  and  that  reproductive  potential  was  nearly  normal  when 
DDE  residues  In  eggs  were  less  than  or  equal  to  3  ppm-  Based  on  this  study 
it  would  be  expected  that  6-93  ppm  DDE  In  bald  eagle  eggs  could  reduce 
reproductive  success  to  some  extent- 

The  level  of  mercury  (0-099)  detected  In  the  egg  would  probably  have  little 
effect  on  hatchablllty-  Mallards  have  been  found  to  lay  fewer  eggs  and 
produce  fewer  young  when  egg  residues  of  mercury  were  0-79  and  0-86  ppm 
(Spann  at  ai,  1972).  Residue  levels  In  pheasant  eggs  that  correlated  with 
decreased  hatchablllty  were  between  0-5  and  1-5  ppm  (Flmrelte,  1971).  Toxic 
levels  are  approximately  an  order  of  magnitude  higher  than  the  0-099  ppm 
found  In  the  Barr  Lake  bald  eagle  egg- 

Little  Is  known  about  the  effects  levels  of  dleldrln  on  bald  eagle  eggs,  but 
Lockle  et  ai-  (1969)  In  a  study  of  golden  eagles  In  West  Scotland,  found 
that  the  proportion  of  eagles  successfully  rearing  young  doubled  following 
the  ban  of  dleldrln  use  in  sheep  dips:  the  average  dleldrln  residues  In 
eagle  eggs  dropped  significantly  (from  0-87  ppm  to  0-38  ppm)  during  the  same 
period-  Lockle  and  Ratcliff  (1969)  earlier  correlated  reproductive  failure 
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with  amounts  of  dleldrln  exceeding  1.0  ppm  In  eggs  of  golden  eagles,  a  level 
just  slightly  higher  than  the  0-808  ppm  found  In  the  bald  eagle  egg  from 
Barr  Lake. 

The  bald  eagle  egg  was  measured  for  shell  thickness  by  Dr-  James  Enderson  of 
Colorado  College.  The  results  of  the  analysis  revealed  that  the  thickness 
of  the  shell  with  membrane  was  O-SAl  millimeters  at  the  equator.  This  Is 
eight  percent  thinner  than  pre  DDT  eggs,  but  within  the  normal  expected 
range  (Hickey  and  Anderson.  1968). 

Contamination  In  bald  eagle  eggs  Is  a  widespread  problem,  making 
determination  of  the  origin  of  the  contamination  In  the  Barr  Lake  egg 
difficult.  Wlemeyer  et  al^.  (1972)  In  a  study  of  bald  eagle  eggs  from  5 
states  (Alaska.  Maine.  Minnesota,  Michigan,  and  Florida)  found  residues  of 
DDE,  dleldrln,  and  mercury  In  100  percent  of  the  eggs  analyzed- 

The  Barr  Lake  eagles  are  permanent  residents,  and  do  not  migrate:  thus, 
avoiding  potential  contamination  during  migration.  Current  evidence 
Indicates  that  this  pair  feeds  primarily  In  the  Immediate  region,  it  Is 
reasonable  to  assume  that  the  primary  source  of  contamination  Is  also  In  the 
Immediate  region.  Winter  studies  of  the  bald  eagles  from  R.MA  and  Barr  Lake 
(ESE  1983)  and  extensive  observations  of  the  Barr  Lake  birds  In  the  spring 
and  summer  of  1938  (Carter,  1988.  Personal  Communication)  have  Indicated 
very  little  If  any  use  of  RMA  by  the  Barr  Lake  pair.  Preliminary 
observations  suggest  that  this  particular  pair  feeds  occasionally  on 
migrating  waterfowl  in  fall,  winter,  spring:  this  prey  source  may  contribute 
to  the  contaminant  levels  found. 

Other  possible  sources  of  contamination  may  be  from  residues  transported  to 
Barr  Lake  via  the  O'Srlan  Canal  from  upstream  sources.  Including  RMA.  and 
transferred  to  the  eagles  through  fish  eaten  as  prey.  Offpost  sediment 
samples  collected  by  ESE  reveal • 1 1 1 1 le  or  no  organochlorlna  pesticide 
consistently  In  the  sediment  of  Barr  Lake  (ESE,  1933).  Dleldrln  was 
detected  In  sediment  samples  taken  Just  upstream  from  Barr  Lake  on  the 
O’Brian  Canal  (03C3S,  0.003  ppm),  and  from  Figure  5.3-3  locations  on  O'Brlan 
Canal  (OBCIS,  0-003  ppm)  and  First  Creek  (FCIS,  0-006  ppm)  near  RMA,  but  not 
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from  any  of  three  sample  locations  between  RMA  and  Barr  Lake  (FCI.  FC2Si  and 
0BC2S  on  Figure  5.3-3)  ■  DDE  and  DDT  was  detected  In  one  sediment  sample 
collected  on  the  O’Brian  Canal  near  RMA  (OBCIS)  at  concentrations  of 
0-004  ppm  and  0-008  pptn>  respectively,  but  not  from  any  other  sediment 
sample  locations  on  First  Creek.  O'Brian  Canal,  or  Barr  Lake-  These  data 
suggest  that  organochlor Ine  pesticides  may  be  migrating  off  RMA.  but 
apparently  not  reaching  Barr  Lake,  and  that  other  sources  may  have 
contributed  to  the  contamination  of  O'Brian  Canal  near  Barr  Lake- 

Barr  Lake  sediment  samples  contained  heavy  metals.  Including  mercury  (range 
<0-05  to  0-252  ppm,  M  -  3),  and  this  may  account  for  the  level  of  mercury 
found  In  the  bald  eagle  egg-  A  second,  deeper  sediment  sample  was  collected 
from  the  center  of  Barr  Lake  (BSLC)  and  revealed  higher  concentrations  of 
all  heavy  metals  Including  mercury  (1-84  ppm).  This  suggests  historical 
heavy  metal  contamination  of  Barr  Lake,  probably  from  sewage  sludge  that  was 
historically  dumped  into  the  lake-  Additionally,  the  eagles  may 
occasionally  feed  on  potentially  contaminated  fish  taken  from  the  South 
Platte  River  downstream  from  Denver. 

Although  analyses  of  bald  eagle  blood  samples  collected  from  Individuals 
frequenting  RMA  during  the  winters  of  1986-1987  and  1987-1988  Indicated  no 
significant  contamination  of  heavy  metals,  organochlor Ines ,  or 
organophosphates  (USFWS,  June  1988,  personal  communication),  the  possibility 
exists  that  the  eagles  are  accumulating  contaminants  from  prey  taken  on  RMA- 
Feeding  observations  of  the  bald  eagles  wintering  on  RMA  and  analysis  of 
their  castings  revealed  that  prairie  dogs,  jackrabblts,  and  cottontail 
rabbits  comprised  the  bulk  of  the  prey  consumed  on  RMA  (ESE,  1988)- 
Contaminant  analysis  of  prairie  dog  tissue  (Section  4-3)  Indicated  that 
prairie  dogs  from  contaminated  areas  of  RMA  exhibit  high  levels  and  high 
Incidence  of  contamination  with  dleldrln-  Furthermore,  feeding  observations 
of  bald  eagles  on  RMA  indicate  that  while  a  large  percentage  of  feedings 
occur  In  areas  of  little  contamination,  eagles  do  capture  prey  In  areas  of 
known  contamination  (Basin  A,  Basin  C,  Basin  F,  South  Plants,  and  the  Lower 
Lakes)  (Figure  5-3-4,  5-3-5)-  The  potential  that  bald  eagles  may  be 
contaminated  through  exposure  pathways  Is  discussed  In  Section  5-1-2. 
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GQlden_£agles — Golden  eagles  are  a  common  winter  resident  and  an  occasional 
summer  visitor  of  RMA.  As  many  as  five  individuals  have  been  recorded 
during  winter  census  counts  (ESE,1983)-  The  golden  eagle  is  approximately 
the  same  size  as  the  bald  eagle  and  has  similar  winter  feeding  habits  on 
RMA-  Therefore  It  Is  possible  to  predict  that  contamination  levels  In  bald 
eagles  will  be  similar  to  levels  found  In  golden  eagles- 

Liver  and  brain  tissue  from  one  of  the  two  golden  eagles  found  dead  on  RMA 
were  analyzed  and  found  to  contain  no  detectable  contaminant  concentrations 
(Table  5-3-5).  Dr-  Leroy  Eggleston  (DVM)  determined  the  cause  of  its  death 
was  probable  respiratory  failure-  The  other  golden  eagle  analyzed  contained 
mercury  In  brain  tissue,  and  mercury  and  dleldrln  in  liver  tissue,  at 
concentrations  well  below  toxic  effects  criteria  for  birds  as  described  In 
Section  5-1-  These  two  samples  are  Inadequate  to  draw  definitive 
conclusions,  but  no  Individuals  of  either  eagle  species  have  apparently  died 
from  environmental  contamination  on  RMA- 

Othec.Baptors 

Dleldrln  appears  to  be  the  primary  contaminant  accumulating  In  tissues  of 
raptors  (Table  5-3-5)-  Most  hawks  and  owls  found  dead  on  RMA  and  analyzed 
for  contaminants  In  brain  and  liver  tissue  were  found  to  contain  residues  of 
dleldrln.  Lethal  dleldrln  levels  In  brain  tissue  of  birds  have  been 
reported  to  range  between  4  and  20  ppm  (Robinson  el  al->  1967:  Coon  et  al-, 
1968:  Bellsle  et  al • ,  1972:  Mulhern  at  al- >  1970),  and  oxjst  raptors  found 
dead  due  to  unknown  causes  on  RMA  fall  within  this  range-  Dleldrln  levels 
In  brain  tissue  from  four  RMA  raptors  documented  to  be  In  amaclated 
condition  were  0-673,  9-98,  9-9L,  and  9-32  ppm  (Table  5-3-5)- 

Often  higher  levels  of  dleldrln  were  found  In  brain  than  In  liver  tlssue- 
Thls  may  Indicate  mobilization  of  organoch lor Ine  pesticides  to  the  brain  of 
Individuals  experiencing  dleldrln  poisoning-  Heinz  and  Johnson  (1980; 
concluded  that  brain  levels  of  dleldrln  well  below  the  lethal  level,  perhaps 
as  low  as  1  ppm  In  highly  sensitive  individuals,  may  Drove  hazardous  to 
birds  by  triggering  irreversible  starvation-  Once  starvation  has  begun, 
mobilization  of  dleldrln  to  the  brain  eventually  leads  to  death.  Raptors 
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Table  5.3'5.  Sram  Bob  Liver  Contaomant  Concentrations  ana  Necropsy  Results  for  Rocky  Nountam  Arsenal  Raptors. 


Ptvysical 

Contae»tnaot  Levels 

cF  Bram/Liver 

Cause  oF 

spec  I es 

Age* 

Condition 

“<f  cury 

Uieiorm 

roe 

Death 

Ferruginous  Howk 

A  ' 

emaciated 

80L/S0L 

0.678/0.527 

BOL/BOL 

Unknown 

ferruginous  Hewti 

A 

Good 

0.IS2/0.293 

7.73.'4.:9 

80L/60L 

Unknown 

ferruginous  Hauk 

1 

emaciated/ 

Convulsions 

50L/8DL 

9.98/3.45 

BOL/BDL 

Unknown 

Ferruginous  Wauk 

A 

Good 

BOL/BOt 

80L/0.263 

9DL/BDL 

E  lectrccution*** 

Ferruginous  Howtk 

1 

No  bodij  Fat 

SOl/'BOL 

6.55.-4.26 

BDL/BOL 

Unknown*** 

Re<J*ta»  led  Haw*. 

1 

timaciated 

SCLBOL 

9.44,5.19 

3DL/0,529 

UnknOvrfO*** 

Red-tailed  Ha-k 

A 

Unknown 

0.093/0.345 

9.2.6.59 

60L/0.759 

Unk  nown 

Red-tai led  HawV 

1 

Unknown 

BCL.  sot 

B0L,0.52 

BOL/EOL 

electrocution 

Creat-fiorned  Oul 

A 

Unkne^ 

SOL/0.085 

IS. 6/10. 8 

10.3/15.5 

link'^cwn 

Great-horned  Owl 

A 

emaciated 

BOL/BCL 

9.32/27.7 

0.475,2.47 

Urk  fiown 

Creat-norned  Owl 

A 

Good 

SOL/Ba 

SDt/0. 143 

BDL,5CL 

Unk  nown 

Creat-norred  Owl 

A 

Unknown 

30L/  0.051 

10.2/8.89 

2.24/5.49 

Enterc  to-emia*** 

Golden  Eagle 

Unknown 

0.257 '0.216 

SOL.  0.221 

SDL.  SDL 

'Jnk  nown*** 

Coieen  Fagie 

1 

Good 

E9L.  sa 

SOL.  90L 

50L/2DL 

Respiratory  fai  lure*'- 

•  A  •  Adult 
I  •  Imnature 

••  ;n  wet  '.eiont  tasis 


SOL  •  Se'Ow  Detection  Lieut 

•••  Cetermined  ty  Or.  Leroy  £93ieston.  Ovie.  or  Or.  Terry  tpraier,  Dvn. 
Osurce;  SCO.  '539. 
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from  RMA  with  the  highest  brain  levels  were  emaciated  with  empty  stomachs 
and  crops,  suggesting  Irreversible  starvation  caused  by  dleldrln 
contamination-  Necropsy  results  failed  to  produce  any  evidence  to 
parasites,  pathagens,  lead  poisoning  or  other  causes  of  death- 

In  contrast,  two  hawks  determined  to  have  died  from  electrocution  had  very 
low  levels  of  all  contaminants  in  brain  and  liver  tissue,  often  below 
detection  limits,  and  were  In  good  physical  condition-  Additionally  a 
ferruginous  hawk  was  found  just  south  of  RMA  boundaries  suffering  from 
convulsions  and  panting  profusely  before  death;  symptoms  of  acute  OCP 
poisoning-  Dleldrln  residues  In  brain  and  liver  tissues  from  this  hawk  were 
9-98,  and  3-A5  ppm,  respectively,  strongly  suggesting  that  cause  of  death 
was  dleldrln  poisoning-  Three  of  four  great-horned  owls  and  two  of  three 
red-tailed  hawks  found  dead  on  RMA  contained  dleldrln  levels  In  the  range 
characteristics  of  lethal  effects  (Table  5-3-5)- 

Other  analytes  detected  In  raptor  tissues  were  mercury  and  DDE-  No  arsenic, 
aldrln.  endrln,  or  DDT  were  detected-  Hone  of  the  lA  raptor  samples 
contained  brain  residues  of  mercury  above  0-257  ppm  or  DDE  above  10-3  ppm, 
both  levels  are  well  below  lethal  levels  reported  In  the  literature-  Braune 
(1937)  reported  10  ppm  as  a  lethal  concentration  of  mercury  In  the  brain, 
and  lethal  brain  levels  of  30  to  AO  ppm  wer^’  reported  by  Borg  et  al  (1979) 
for  goshawk-  Wlemeyer  and  Cromartle  (1981)  reported  a  lethal  level  of  250 
ppm  DDE  In  the  brain  of  osprey. 

5  -  3  -  3  -  A  AviaD-Sepcaductive.Success 
Qveryiew 

Toxic  chemical  effects  on  ducks  and  several  other  avian  species  Inhabiting 
RMA  have  been  observed  since  1951  (Jensen.  1955).  Avian  mortality  at  RMA 
has  continued  up  to  the  present  time  although  at  a  lower  level  In  recent 
years  (McEwen  and  DeWeese-  193!,).  Before  measures  were  taken  to  reduce 
exposure  to  toxicants,  mortality  was  estimated  minimally  at  20,000  waterfowl 
over  a  10-year  period  (Finley,  1959).  Many  other  species  of  wildlife 
Including  other  bird  species,  mammals,  and  amphibians  died  (U-S-  Fish  and 
Wildlife  Service,  1961)- 
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In  response  to  the  concern  about  chealcal  contaminants  In  wildlife  at  RMAi 
Patuxent  Wildlife  Research  Center  of  the  USFWS  Initiated  a  2-year  study  in 
1982  of  American  kestrels  <EalcQ  spatYficius)  as  Indicators  of  terrestrial 
contamination.  This  project  was  undertaken  at  the  Invitation  of  the 
Department  of  the  Army  and  the  USFWS  provided  laost  of  the  funding  for  the 
work.  Results  of  the  kestrel  study  Indicated  that  some  RMA  kestrels  were 
unable  to  successfully  reproduce  and  fledge  young,  probably  because  of 
dleldrln  toxicity. 

Wildlife  can  serve  as  blolndlcators  of  the  presence  and  concentrations  of 
toxic  chemicals  In  the  environment  and  can  provide  Information  for  decisions 
on  a  decontamination  action  program  for  RMA .  The  198it  USFWS  survey 
determined  that  Dleldrln  was  the  main  contaminant  found  although  mercury  and 
endrln  were  also  detected  In  most  eggs-  Canada  goose  and  coot  eggs  had  the 
lowest  dleldrln  concentrations  ranging  from  trace  amounts  to  1.6  ppm  with 
means  of  0.17  and  0.76  ppm.  respectively.  Mallard  eggs  had  much  higher 
dleldrln  concentrations  with  a  mean  of  2.8  and  maximum  of  5.7  ppm  (all 
residues  on  a  whole  egg,  wet  weight  basis).  The  results  of  both  the  kestrel 
terrestrial  and  waterfowl  aquatic  Investigations  signified  continuing 
environmental  contamination  at  the  RMA. 

This  present  study  was  a  follow-up  of  the  1982-83  American  kestrel 
Investigations  and  was  expanded  to  Include  nesting  success  of  ring-necked 
pheasants  and  mallards.  The  major  objectives  of  the  study  were  to  determine 
current  tissue  organochlor Ine  concentrations  and  nesting  success  of  American 
kestrels,  and  to  measure  concentrations  of  xenoblotlc  chemicals  In  eggs  and 
young  of  mallards  and  pheasants  and  examine  the  relationship  to  their 
reproductive  success.  Methods  and  study  area  locations  are  described  In 
Section  3. 2. 2. 3  and  discussed  In  detail  In  the  Final  Biota  Assessment 
Technical  Plan  (ESF.  1933). 

Results  of  the  1936  studies  are  as  follows: 
o  Nesting  Success 

Productivity  of  2<estrels  on  RMA  was  much  higher  In  1986  than  In 
earlier  studies  In  1982  and  1933  and  were  not  statistically 
different  from  controls  (Table  5.3-6  and  Table  B.2-13  in 
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Appendix  B)-  All  of  the  reproductive  parameters  measured,  such  as 
percent  nests  hatched  and  fledged  and  mean  number  of  young  hatched 
per  nest,  were  higher  in  1986-  The  mean  number  of  young 
fledged/nest  attempt  on  RMA  in  1986  was  2.24. 


This  was  below  the  mean  number  of  2.88  considered  necessary  to  maintain  the 
population  (Henry,  1972).  Productivity  of  control  kestrel  nests  averaged 
2-78  young  fledged/nest  attempt,  the  same  as  in  1983  (Table  5-3-6).  Kestrel 
nest  box  locations  offpost  are  shown  in  Figure  3-2-4. 

Active  kestrel  nests  on  RHA  in  1986  are  shown  in  Figure  3-2-5: 
failed  nests  are  indicated  by  the  letter  F-  The  pattern  of  nest 
failures  differed  from  those  in  the  previous  study  in  1982-83-  In 
the  earlier  study,  failed  nests  (those  that  fledged  no  young), 
were  concentrated  around  the  lower  lakes  northward  to  Basin  F  In 
the  central  part  of  the  PJiA-  In  1986.  most  of  the  kestrel  nest 
failures  were  along  First  Creek  In  the  eastern  part  of  RMA  (Figure 
3-2-5). 

o  Egg  Measurements 

Collected  eggs  of  kestrels,  pheasants,  and  mallards  were  measured 
for  weight,  volume,  dimensions,  and  shell  thickness-  There  were 
few  differences  between  eggs  from  FUA  and  control  sites  (Table 
5-3-7).  Kestrel  eggs  from  RMA  were  slightly  larger  than  controls 
and  pheasant  eggs  from  .*IMA  averaged  smaller  and  lighter  than 
controls-  RMA  kestrel  mean  shell  thickness  did  not  differ  from 
controls  and  was  in  the  normal  range  for  the  species. 


o  Organochlor ine  and  Mercury  Concentrations 

Eggs  of  kestrels,  pheasants,  and  mallards  from  RMA  and  control 
areas  were  analyzed  for  aldrln,  dleldrln,  endrln,  and  mercury 
concentrat lons- 


As  In  previous  studies- 
all  bird  species  (Table 
contained  an  arithmetic 


dleldrln  was  the  primary  contaminant  In 
5.3-8).  Eggs  from  22  kestrel  nests 
mean  of  0.504  ppm  dleldrln  and  a  maximum 
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of  2-82  ppm  dleldrln-  This  was  in  contrast  to  the  control  kestrel 
eggs  which  had  no  detectable  dleldrln-  Only  one  mallard  nest  with 
eggs  was  located  on  RMA-  One  dead  newly  hatched  duckling  from  a 
different  nest  was  grouped  with  the  eggs  for  analysis-  One  egg 
from  the  nest  and  the  duckling  contained  A-89  and  3-0  ppm 
dleldrlui  respect Ively ■  lethal  concentrations-  Nest  locations  for 
mallards  and  pheasants  are  shown  on  Figure  3-2-8- 

The  geometric  mean  dleldrln  concentration  in  the  1986  RMA  kestrel 
eggs  was  0-005  ppm-  This  was  less  than  half  the  geometric  mean  of 
0-115  ppm  dleldrln  In  the  1982  and  1933  kestrel  eggs- 

Carcasses  of  juvenile  kestrels  and  juvenile  and  adult  pheasants 
and  mallards  were  analyzed  for  aldrin.  dleldrln,  endrln,  and 
mercury.  As  with  the  eggs,  dleldrln  was  the  only  biologically 
Important  contaminant  In  RMA  specimens  (Table  5-3-9).  Adult 
pheasants  from  RMA  had  the  highest  mean  whole  body  concentrations 
—  0.A97  ppm  dleldrln  (maximum  of  2-92  ppm).  Young  RMA  kestrels 
averaged  0-309  ppm  dleldrln,  slightly  lower  than  the  RMA  kestrel 
egg  arithmetic  mean  of  0-504  ppm-  All  control  specimens  of  the 
three  species,  young  and  adults,  were  negative  for  dleldrln- 

Ring-necked  pheasant  brood  counts  were  conducted  on  RMA  and  at 
offpost  control  areas-  All  routes  except  one  on  RMA  had  a  minimum 
of  one  brood  observed  during  these  counts;  mean  broods  per  count 
ranged  from  0  to  1-5  (Table  5-3-10).  Averages  for  the  control 
routes  (0-9  broods/run)  were  greater  than  for  RMA  (0-4 
broods/run).  Total  hens  and  clutch  sizes  were  also  smaller  on 
RMA.  A  total  of  20  hens  were  observed  on  control  routes  with  an 
average  clutch  size  of  3-6  young,  while  on  RMA,  14  hens  were  seen 
with  an  average  clutch  size  of  1-8  young. 

o  Waterfowl  Counts 

Numbers  of  dabblers  and  geese  were  much  higher  on  the  control 
lakes  and  divers  and  coots  were  higher  at  RMA  (Table  5-3-11)-  The 
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most  striking  difference  was  the  complete  absence  of  mallard 
broods  at  RHA. 

SuiBajacs:_Df_ths_12a6_Siudies 

The  American  kestrel  nesting  studies  demonstrate  the  value  and  utility  of 
this  species  as  a  blolndlcator  of  terrestrial  contamination.  Results  of  the 
1986  work  provide  evidence  that,  overall,  toxic  contamination  of  RMA 
terrestrial  habitat  Is  having  less  adverse  effect  than  In  the  past,  but  that 
some  local  areas  still  may  remain  too  contaminated  for  kestrel  survival  and 
reproduction.  Aldrln  and  dleldrln  ••  ere  the  primary  contaminants  Implicated. 
DDE  and  DDT  residues  ware  relatively  low.  Reproductive  effects  generally  do 
not  appear  In  waterfowl  and  raptors  at  concentrations  below  4  to  5  ppm  of 
DDE  (Wlemeyar  et  al..  193^). 

Mallard  reproduction  appears  to  be  completely  Inhibited.  Dleldrln  In 
conjunction  with  aldrln  are  again  the  primary  contaminants  Implicated  In  the 
adverse  effects  on  mallard  reproductive  success  on  RMA.  Endrln  levels  were 
generally  low,  and  Its  toxic  effects.  If  any,  were  difficult  to  evaluate- 

Pheasant  populations  may  be  adversely  affected  on  RMA,  but  results  are  less 
conclusive  than  for  kestrels  or  mallards.  Habitat  differences  and  total 
population  densities  between  control  and  onpost  areas  may  account  for  some 
of  the  differences-  Contaminant  concentrations  In  tissues  may  have  direct 
adverse  effects  on  the  pheasants  In  contaminated  areas  (see  Section  5-2-1)- 
Data  collected  as  part  of  this  Investigation  (Section  ^i-3.1-3)  were 
supplemented  with  contaminant  analysis  data  on  20  pheasants  collected  by  MKE 
from  locations  onpost- 

Combined  results  Indicate  that  pheasants  collected  from  locations  In  and 
near  major  sites  of  contamination  on  RMA  contain  tissue  levels  of  dleldrln 
above  CRL,  but  that  tissue  from  pheasants  collected  on  RMA  but  away  from 
major  contamination  sites  did  not  contain  dleldrln  levels  above  the  CRL 
(Figure  ^.3-3).  Potential  adverse  effects  to  humans  via  consumption  of 
pheasants  are  addressed  In  the  onpost  and  offpost  endangerment  assessments 
for  RMA. 
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One  of  the  chief  goals  of  the  1986  study  was  to  compare  kestrel  and  mallard 
productivity  with  earlier  investigations  of  those  species  on  RMA. 

Comparison  of  the  contaminant  concentrations  between  1986  and  earlier 
studies  correlate  with  the  field  observations  of  upward  trends  in  kestrel 
productivity,  but  continuing  adverse  toxic  effects  on  mallard  reproduction 
and  survival. 

5. 3. 3. 5  OiheE_Species_aad_CQataa]inant_£f feels 

Ceei 

Both  mule  deer  and  white-tailed  deer  populations  were  counted  in  roadside 
surveys  by  MKE  in  the  winter  of  1986-1987.  The  maximum  number  of  mule  deer 
found  by  MKE  (1988)  in  their  roadside  counts  was  207,  while  the  maximum 
count  of  white-tailed  deer  was  56.  Based  on  these  findings,  MKE  estimated 
mule  deer  density  at  eight  per  square  mile.  Open  plains  habitat  rarely 
exceeds  five  deer  per  square  mile  (Mackle  el  ai.  1982). 

The  relatively  high  density  of  deer  and  occurrence  of  syrapatrlc  deer  species 
are  probably  due  to  the  absence  of  hunting  and  to  the  abundance  and 
int erspers Ion  of  suitable  habitat  on  RMA.  For  these  reasons,  It  was  not 
possible  to  detect  any  effects  of  conta.mlnat Ion  on  RMA  deer  populations. 
Since  no  significant  concentration  differences  were  detected  between  RMA 
deer  and  control  areas,  and  because  only  1  of  14  deer  from  RMA  contained 
detectable  levels  of  contamination,  we  concxude  that  deer  populations  on  RMA 
appear  to  be  unaffected  by  contamination. 

Lagomorphs 

Nighttime  roadside  counts  of  jackrabblts  and  cottontails  were  completed  by 
MKE  in  the  spring  of  1986  in  RMA-wlde  surveys,  and  offpost  at  Buckley  and 
the  PCC .  Ho  significant  differences  were  detected  between  cottontail 
populations  on  and  offpost.  A  significantly  higher  population  Index  for 
jackrabblts  was  found  at  the  offpost  sites  (MKE,  1988).  However,  the 
roadside  counts  on  RMA  did  not  separate  counts  taken  near  sites  of 
contamination  from  those  taken  In  uncontaminated  areas. 
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Statistical  comparison  was  mada  between  the  onpost  control  sites  and  the 
contaminated  site  In  Section  36-  The  cottontails  from  Section  36  were 
significantly  more  contaminated  than  those  from  the  onpcst  control  areas* 

It  Is  likely  that  the  bloaccumulat Ion  of  contaminants  in  predators  of 
rabbits  Is  more  Important  than  the  direct  effect  of  contamination  on  this 
prey  species.  Low  but  significant  levels  of  dleldrln  were  found  In  Section 
36  cottontails  (See  Section  ^.3-1).  The  contaminant  blaccumulat Ion  pathways 
are  discussed  In  Section  S-l,  Contamination  Evaluation. 

Carnivores 

Badgers  and  coyotes  have  been  found  to  contain  concentrations  of  dleldrln  In 
their  tissues  (see  Section  4-3.1)-  Dleldrln  residues  have  been  found 
throughout  the  prey  of  these  mammals  (prairie  dogs  and  cottontails)  as  well- 
It  Is  assumed  that  these  predators  obtain  the  bulk  of  their  contaminants 
through  food  chain  sources,  rather  than  directly  from  the  contamination 
sources  themselves-  Possible  pathways  and  bioaccumulation  In  carnivores  on 
RMA  are  discussed  In  Section  5-2- 

Dleldrln  levels  In  liver  tissue  were  l-B')  ppm  for  badger  and  7-6  ppm  for 
coyote  (Section  4-3)-  Walker  et  ai-  (1969)  observed  a  relationship  between 
dietary  concentrations  and  concentrations  of  dleldrln  In  liver  and  brain 
tissue  for  rats  and  dogs-  Using  a  brain  to  liver  ratio  of  0-47  derived  from 
the  Walker  data,  calculated  brain  levels  ire  0-77  ppm  for  badger  and  3-6  ppm 
for  coyote-  The  brain  to  liver  ratio  was  calculated  for  dogs  at  each  dose 
level  (x-0-21)-  For  rats,  a  mean  brain  to  liver  ration  was  calculated  for 
each  group  sacrificed  after  a  given  time  on  dosage-  For  both  dogs  and  rats, 
data  for  sex  and  dose  were  combined  to  get  the  mean-  To  obtain  the  overall 
mean  of  0-47.  rat  and  dog  means  were  averaged-  The  rat  data  were  weighted 
more  heavily  because  the  number  of  rats  used  In  the  test  was  much  higher 
than  the  number  of  dogs-  Harrison  et  ai-  (1963)  determined  that  brain 
levels  of  2-4  to  9-4  ppm  were  strongly  correlated  with  death  of  dogs- 
Although  toxicity  levels  are  known  to  vary  among  species,  coyote  and  dog  arc 
both  In  the  same  genus  and  probably  have  similar  toxic  effect  levels- 
Dleldrln  levels  found  In  the  coyote  may  have  been  responsible  for  the  death 
of  the  coyote.  Inasmuch  as  no  outward  signs  of  death  were  noted- 
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Birds 

The  effects  of  RHA  contamination  on  mallards,  ring-necked  pheasants,  and 
American  kestrel  reproductive  success  are  discussed  in  Section  5.3-3-A.  The 
Information  In  this  section  Includes  concentrations  of  contaminants 
contained  in  adult  mallards,  pheasants,  doves,  and  waterfowl  (collected  by 
ESE  and  USFHS). 

Maximum  mercury  concentrations  found  in  muscle  samples  of  blue-winged  teal 
(0.559  ppm)  and  coots  (0-339  ppm)  were  below  those  reported  in  mallards 
(0-8  ppm  in  muscle)  with  altered  nesting  behavior,  and  decreased  number  of 
offspring  from  mercury  contamination  (Heinz.  1979).  The  means  for  teal 
muscle  samples  on  RMA  (0-391  ppm)  and  coot  samples  on  RMA  (0-179  ppm) 
exceeded  the  average  concentrations  found  In  5,200  waterfowl  muscle  samples 
nationwide  (0-08  ppm  In  mallards  and  0-033  ppm  In  black  ducks)  (Heath  and 
Hill,  197<().  But  blue-winged  teal,  coot,  and  redhead  carcasses  had  far 
below  the  lethal  levels  reported  In  muscle  (4-3  ppm)  and  liver  (20  ppm)  In 
hawks  (Flmrelte  and  Karsted,  1971). 

Adult  mallard  carcasses  from  RMA  contained  up  to  4-53  ppm  dleldrln:  an 
estimated  brain  concentration  from  this  carcass  Is  1-57  ppm-  Concentrations 
above  1  ppm  In  bird  brains  can  have  adverse  effects  on  health  and  behavior 
(Barbehenn  and  Relchel,  1981),  and  concentrations  above  3-2  ppm  are 
considered  hazardous  (Wlemeycr  and  Cromartle,  1981)- 

An  adult  pheasant  carcass  from  RMA  contained  2-92  ppm  of  dleldrln.  from 
which  an  estimate  of  brain  concentration  was  1-01  ppm  (from  Barbehenn  and 
Relchell,  1981)-  With  the  parameters  outlined  above  for  bird  health 
effects,  this  level  could  have  adverse  effects  on  health  and  behavior-  and 
Is  possibly  hazardous  to  pheasant  life-  One  juvenile  pheasant  collected 
from  a  countr/  club  In  Larimer  County  contained  contaminant  levels  In  the 
carcass  of  18-^  ppm  dleldrln  and  1-3A  ppm  DDE-  All  other  offpost  juvenile 
pheasant  samples  (n  •  13)  had  contaminant  levels  below  detection  limits- 
Contamination  of  this  individual  apparently  came  from  a  non-RHA  source. 

Dl-3tary  levels  of.  over  h  ppm  dleldrln  correlated  with  health  effects  In 
birds  (Sharaa  ei  a).-,  1976).  RMA  grasshoppers  In  Sections  26  and  36  have 
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been  found  to  contain  up  to  7-2  ppm  dleldrln,  and  up  to  ti.8  ppia  aldrln. 

Since  aldrln  concentrations  can  be  additive  to  dleldrln  concentrations 
since  aldrln  Is  converted  to  dleldrln  In  biotic  systems),  the  risk  of 
health  effects  In  birds  (such  as  burrowing  owls,  pheasants,  and  kestrels) 
which  consume  grasshoppers  and  other  Insects  could  be  substantial.  Dleldrln 
concentrations  found  In  pheasant  and  kestrel  carcasses  on  RMA  may  be  due  in 
part  to  consumption  of  contaminated  Insects-  Pathways  Implications  are 
discussed  In  Section  5.2.1. 

Insectivorous  birds  feeding  In  contaminated  areas  of  SKA  may  consume 
hazardous  concentrations  of  endrln.  Screech  owls  with  0-75  ppm  endrln  in 
their  diet  suffered  adverse  health  and  reproductive  success  (Fleming  et  al-. 
1982).  While  only  one  hit  of  endrln  was  found  In  a  pheasant  egg.  and  no 
concentrations  of  endrln  were  found  In  kestrel  samples,  birds  consuming 
grasshoppers  (maximum  levels  of  1-65  ppm)  and  other  Insects  In  and  near 
Section  26  could  be  at  risk  from  endrln. 

Two  mourning  dove  carcasses  found  near  Building  111  on  RKA  contained  aldrln 
concentrations  up  to  1.33  ppm,  dleldrln  concentrations  up  to  56.3  ppm.  and 
one  bird  contained  endrln  at  a  concentration  of  3-^^  ppm.  The  levels  In 
avian  brain  that  are  Indicative  of  dleldrln  poisoning  range  from  to  9  ppm 
(Ohlendorf  et  ai.  1981:  Wlaraeyer  and  Comartle.  1931).  If  a  maximum  rate  of 
mobilization  of  20  percent  from  carcass  to  brain  Is  assumed,  a  potentially 
hazardous  carcass  concentration  of  5  times  the  lethal  brain  level  Is 
calculated  (DeWeese  et  al-.  1986).  Thus,  the  lethal  carcass  level 
corresponding  to  9  ppm  In  brain  Is  46  ppm:  this  level  was  exceeded  by  the 
mourning  dove  carcass.  Another  mourning  dove  found  on  the  southern  border 
of  Section  36  was  dissected  and  the  liver  analyzed,  which  contained  7.37  ppm 
dleldrln,  and  3.74  ppm  endrln.  Considering  the  unusually  high  levels  of 
contaminants  In  the  carcasses,  the  doves  found  dead  near  Building  111 
probably  did  not  accumulate  contaminant  levels  from  food  chain  sources,  but 
more  likely  obtained  a  high  dose  In  water  from  a  nearby  contaminated  water 
source  (e.g.,  Basin  F). 

Analytical  results  Indicate  that  PdIA  contamination,  particularly  dleldrln, 

Is  still  a  problem  for  avian  species,  Bloaccumulat  Ion  through  food  web  and 
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other  pathways  are  presented  in  Section  5-2  and  indicate  that  relatively  low 
levels  of  organochlor Ine  pesticides  (e-g-i  dleldrln)  present  in  soil  and 
sediments  can  lead  levels  and  effects  documented  by  the  tissue  analyses 
described  herein-  The  spatial  extent  of  these  contaminants  will  be 
delineated  in  the  forthcoming  Study  Area  Reports  (SARs)  for  the  appropriate 
abiotic  media  as  data  from  Phase  II  investigations  becomes  available- 

5- 3- A  AQUATIC  ECOSYSTEMS 

Contamination  of  sediments  in  RMA  lakes  has  been  documented  since  the  1950s 
(Rosenlund  ei  al- i  1986)-  Attempts  have  been  made  to  eliminate  these 
contaminants,  particularly  mercury  and  various  chlorinated  hydrocarbon 
pesticides,  through  partial  sediment  removal.  However,  these  contaminants 
persist  as  they  are  bound  to  sediments  and  are  retained  in  fish  and 
macrophyte  tissues-  Current  soil  contamination  levels  (ESE,  1989) 
additionally  indicate  that  soils  provide  a  source  of  chemicals  that  may  be 
carried  into  surface  waters  at  the  RMA  facility- 

Contaminants  reaching  surface  water  bodies  either  remain  suspended/dissolved 
in  the  water  column,  or  settle  and  become  associated  with  the  bottom 
sediments  and  sediment  interstitial  water.  Settling  rates  depend  on  such 
factors  as  natural  buoyancy,  Vander  Waals  forces,  turbidity,  and  velocity  of 
the  surface  water-  Changes  in  surface  water  velocity  or  sources  of 
turbulence  (e-g-,  spring  and  fall  turnover  in  lakes)  may  scour  and  resuspend 
or  dissolve  chemicals  from  the  sediments  back  into  the  water  column.  Those 
chemicals  suspended /d Issolved  in  the  water  column  may  be  taken  up  by  aquatic 
biota  or  they  may  undergo  such  processes  as  biological  degradation,  and 
chemical  transformation  (l-e-,  interaction  with  other  chemicals  and 
ultraviolet  (solar)  degradation).  Contaminants  that  accumulate  in  the 
sediments  may  become  sorbed  to  particulate  organic  materials  (detritus)  or 
remain  In  sediment  interstitial  water- 

Freshwater  species  of  benthic  Invertebrates  generally  do  not  Ingest 
sediment,  although  ollgochaetes  and  some  species  of  chlronoralds  occasionally 
Ingest  sediment.  Rather,  the  primary  source  of  food,  and  consequently  an 
Important  route  of  exposure,  for  m.my  benthic  invertebrates  is  the 
particulate  organic  material  associated  with  sediments  (Adams,  1987). 
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Particulate  organic  matter  may  either  be  bound  to  sedlmentsi  settled  In  the 
sediment  layer,  or  suspended  in  the  water  column-  Contaminants  sorbed  to 
particulate  organic  material  may;  therefore,  be  Inadvertently  taken  up  by 
lower  trophic  levels  of  organisms  such  as  plankton  and  macroinvertebrates 
through  food  Ingestion  or  absorption. 

Lower  trophic  level  organisms  can  also  Inadvertently  take  up  contaminants  In 
sediment  Interstitial  (pore)  water  while  feeding.  This  water  can  contain 
high  concentrations  of  dissolved  or  suspended  contaminants-  Other 
Incidental  routes  of  exposure  Include  absorption  of  suspended  or  dissolved 
contaminants  In  the  water  column,  and  Ingestion  of  sediment  bound 
contaminants  (Adams,  1988). 


Various  forms  of  bacteria,  plankton  (l-e,  phytoplankton,  micro-,  and 
macrozooplankton)  as  well  as  macrophytes  take  In  dissolved  or  suspended 
substances  In  the  water  column  as  well  as  In  Inorganic  detritus-  Higher 
aquatic  plants  (aquatic  macrophytes)  may  also  take  In  substances  via  their 
root  systems- 


Lower  trophic  levels  are  then  preyed  upon  by  higher  trophic  levels  (I-e-. 
small  fish),  which  are  then  preyed  upon  by  the  top  level  aquatic  consumers 
(l-e-,  large  predatory  fish).  Contaminants  are:  therefore,  transferred 
about  the  ecosystem  food  web  via  complex  feeding  Interrelationships 
(Figure  5-3-1).  Consequently,  contaminants  from  many  levels  can  be 
transferred  to  and  bloaccumulated  In  the  top  level  consumer  via  multiple 
exposure  pathways  Including; 

o  Bacteria  that  have  absorbed  or  Ingested  contaminants: 

o  Plankton  that  have  absorbed  or  Ingested  contaminants: 

o  Aquatic  plants  that  have  absorbed  contaminants: 
o  Fish  that  have  absorbed  contaminants  through  exposed  tissues 
(l-e.,  gills): 

o  Benthic  mac ro 1 nver t ebra t es  that  have  absorbed  or  Ingested 
contaminants,  or  Ingested  contaminated  organisms: 
o  Herbivorous  fish  that  have  Ingested  conta.mlna t ed  plants  or  have 
absorbed  contaminants  through  exposed  tissues  (l-e-,  gills): 
o  Aquatic  Insectivorous  fish  chat  have  Ingested  contaminated  aquat 
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Insects  or  have  absorbed  contaminants  through  exposed  tissues 
(l-e-,  gills);  and 

o  Carnivorous  fish  that  have  Ingested  contaminated  fish  or  have 
absorbed  contaminants  through  exposed  tissues  (l-e-,  gills). 

The  following  sections  address  the  evidence  of  bloaccumulat ion  in  RMA 
aquatic  ecosystems,  and  the  potential  Impacts  of  contamination  on  the 
communities  of  various  organisms  in  RMA  surface  waters- 

5  •  3 .  ^1 . 1  SicaccuD!ulariQn_in_Aqual.ic_IcQsysteas 

Bloaccumulat ion  of  contaminants  such  as  chlorinated  hydrocarbons  (e-g.,  DDT 
and  dleldrln)  are  well  documented  by  Bdwards  (1970)-  Mercury  in  various 
forms  has  been  shown  to  not  only  bioaccumulate,  but  can  also  be 
biotransformed  by  lower  tropic  levels  to  more  toxic  forms  (see  Section  5-2). 
An  example  of  this  process  Is  the  raethylatlon  of  mercuric  chloride  to  highly 
toxic  methyl  mercury  by  bacteria,  zooplankton,  and  phytoplankton 
(Environmental  Studies  Board,  1978)-  The  processes  Involved  in 
bloaccumulat Ion  are  quite  complex  due  to  population  fluctuations,  food  web 
interrelationships,  metabolic  capabilities  of  various  species,  and  other 
ecological  considerations-  The  amount  of  a  contaminant  that  ultimately 
accumulates  at  the  higher  trophic  levels  Is:  therefore,  a  function  of  the 
level  of  contamination,  the  availability  of  sediments  and  abiotic  organic 
materials,  the  affinity  that  the  contaminant  has  for  the  sediments,  and  the 
structure  of  the  aquatic  community  at  each  trophic  level. 

Analysis  of  tissues  from  biota  collected  In  RM.A  aquatic  ecosystems  by  HKE 
(1988)  Indicates  organochlor Ine  pesticides  and  mercury  are  still  present  In 
the  aquatic  community  and  generally  supports  Rosenlund’s  earlier  conclusions 
regarding  the  bloaccumulat Ion  of  these  contaminants  In  RMA  lakes 
( Sect  Ion  ^-3)- 

SiQa£;cu!DuialiQD_af  _QcsacQchiQr;lne_£sstlc  ide3_in_  Aqua  tic_EcQsys  terns 
Organochlor Ine  pesticides  (OCPs)  entering  the  environment  are  highly  fat 
soluble  and  generally  not  easily  dissolved  in  water-  The  data  from 
Rosenlund  al-  (1986),  summarized  in  Section  A-3,  provide  the  best 
evidence  of  the  bloaccumulat ion  of  organochlor Ine  pesticides  In  the  aquatic 
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ecosystems  on  RMAi  as  discussed  below.  The  aquatic  data  collected  by  MKE 
(1988)  generally  support  these  findings-  Rosenlund's  data  show  the  greatest 
concentrations  of  dieldrint  aldrin.  and  endrin  in  the  viscera  of  fish  from 
the  Lower  Lakes  on  RMA.  Of  these  three  contaminants i  dieldrin  in  tissues 
from  Lower  Derby  Lake  most  clearly  demonstrates  the  bioaccuraulat ion  of  a 
persistent  organochlor ine  pesticide  in  an  aquatic  ecosystem.  As  shown  by 
the  Rosenlund  el  al-  (1986)  data  from  Section  mean  concentrations  of 

dieldrin  were  greatest  in  bass  viscera  (5-397  ppm),  and  less  in  other 
tissues,  listed  here  in  order  of  decendlng  concentration:  pike  viscera 
(1.9A2  ppm),  blueglll  fillets  (0-264  ppm),  plankton  (0-216  ppm),  chironomids 
(0-2  ppm),  bass  fillets  (0-156  ppm),  bullhead  fillets  (0-133  ppm),  young-of- 
year  bullheads  (0-123  ppm),  leafy  pondweed  (0-059  ppm),  pike  fillets  (0-056 
ppm),  and  American  pondweed  (0-044  ppm).  Concentrations  in  biota  samples 
collecte  by  MKE  in  their  study  are  presented  in  Section  4-3-3-  It  can  be 
seen  that  dieldrin  concentrations  in  fish  fillets  were  much  lower  than  in 
viscera,  because  fillets  have  a  lower  lipid  content  than  viscera- 

The  correlation  of  fat  content  with  tissue  type  and  with  dieldrin 
concentrations  is  shown  in  data  that  compare  mean  percent  lipid  content  and 
dieldrin  concentrations  of  fish  viscera  and  fillets  (Roselund  at  al->  1986). 
Bass  viscera  possessed  the  highest  mean  percent  lipid  content  of  16-06,  with 
mean  percent  values  for  the  viscera  of  other  species  being:  channel  catfish 
(13-8),  pike  (12-02).  blueglll  (2-73),  and  bullhead  (2-23)-  Mean  percent 
lipid  content  in  fillets  was  generally  less  than  1-0  with  the  exception  of 
fillets  from  Ictalurld  fish  (e-g-.  bullhead,  catfish),  which  typically  have 
a  high  lipid  content  compared  to  other  fishes:  mean  percent  lipid  content  in 
bullhead  fillets  was  1-05  ppm,  and  in  catfish  fillets  was  5-75  ppm 
(Rosenlund  si  ai - .  1986). 

BiQaccu®ulatian_Qf .Mercury _iD_Aqu2tic_ Ecosy St scs 

Mercury  can  exist  in  many  forms  including  Inorganic  free  mercury,  Hg*^:  ionic 
mercury  in  salts  and  complexes,  Hg^»:  or  organic  mercury  compounds  such  as 
pheny Imercur i c  salts,  and  alkylmercury  compounds  such  as  methyl  mercury 
(Casarett  and  Doull,  1980).  Each  form  has  its  own  physical,  chemical  and 
toxicological  properties. 
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Methyl  mercury,  is  absorbed  faster  in  fish  than  inorganic  mercury,  and  is 
cleared  from  the  body  at  a  much  slower  rate.  This  is  true  whether  it  was 
released  directly  into  the  environment  or  formed  the  product  of  a  complex 
biotransformation  of  mercury  by  microorganisms,  which  occurs  under  specific 
envlromental  conditions  at  a  rate  of  less  than  1-5  percent  per  month  (Jensen 
and  Jernelov,  1969).  The  net  result  is  a  high  methyl  mercury  concentration 
in  muscle  tissue  (Casarett  and  Coull,  1980).  High  levels  of  mercury  in  fish 
muscle  are;  therefore,  an  indicator  of  direct  methyl  mercury  contamination 
of  the  fish,  rather  than  absorption  or  methylatlon  of  environmental  sources 
of  inorganic  mercury.  Fish  in  RMA  lakes  tend  to  show  high  levels  of  mercury 
in  their  fillets  (see  Section  A. 3-3):  concentrations  in  some  fillets  from 
Lower  Derby  Lake  and  Lake  Ladora  exceeding  the  FDA  guideline  of  1.0  ppm. 

Mercury  food  web  accumulation  in  part  depends  upon  the  diets  of  the  top 
level  carnivores  In  each  lake-  Rosenlund  ei  al.  (1986)  commented  that 
mercury  in  Lower  Derby  Lake  "appears  to  quickly  accumulate  in  young  fish  at 
the  bottom  of  the  food  chain  and  be  concentrated  by  predators  in  their 
fillets”-  Mean  mercury  concentrations  were  similar  within  species  at  each 
trophic  level,  with  the  greatest  concentration  in  pike  fillets  (mean  •  1.9 
ppm).  Mean  mercury  concentrations  in  other  species  (Rosenlund  El  al-,  1986) 
listed  in  decendlng  order  were;  adult  bullheads  (1.735  ppm),  bass  fillets 
(1.510  ppm),  fillets  from  2A  to  32  cm  carp  (0-62  ppm),  young-of -year 
bullheads  (0-58  ppm),  blueglll  fillets  (0-505  ppm),  dragonflies  (0-50  ppm), 
amphibians  (0-385  ppm),  crayfish  (0-308  ppm),  American  pondweed  (0.2A7  ppm), 
leafy  pondweed  (0-233  ppm),  damselflles  (0-23  ppm),  and  plankton  (0-198 
ppm)  - 

Mercury  contamination  in  Lake  Ladora  (Rosenlund  el  al-,  1986)  was  also 
concentrated  in  fish  fillets,  with  the  greatest  mean  concentrations  in  pike 
fillets  (2.9A0  ppm).  Concentrations  in  other  species  in  decendlng  order 
were:  bass  fillets  (2.AA5  ppm),  blueglll  (0-873  ppm),  bullhead  (0-A20), 

plankton  (0-39  ppm),  and  aquatic  plants  (0-227  ppm)-  Bass  and  pike  in  Lake 
Ladora  appear  to  feed  mainly  on  blueglll,  which  rely  heavily  on  abundant 
plankton  resources  for  their  diet  (Rosenlund  el  al-,  1986)- 


Simllarly,  Lake  Mary  also  demonstrated  mercury  contamination  in  fish  fillets 
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(Kosenlund  el  al-i  1986).  with  bass  (0-^95  ppm)  and  bluegllls  (0.505  ppm) 
generally  reflecting  equal  levels  of  contamination  because  of  their  similar 
diets  of  Invertebrates-  Contamination  levels  in  other  species  analyzed  were 
similar  to  mercury  levels  In  similar  species  In  other  RMA  lakes- 

Preferential  deposition  of  mercury  to  fillet  muscle  rather  than  to  viscera 
is  well  documented  in  RMA  fish  analyzed  for  mercury  content-  Mean  mercury 
concentrations  are  higher  In  fillets  than  viscera  of  all  species  where  both 
tissues  were  analyzed  (Rosenlund  et  ai-.  1986).  with  mean  values  greatest  In 
pike  fillets  (2-25  ppra).  followed  by  bass  fillets  (1-^8  ppm),  bullhead 
fillets  (0-885  ppm),  bluegll  fillets  (0-66ppm),  carp  fillets  (0-62  ppm),  and 
catfish  fillets  (0-275  ppm).  Kean  mercury  concentrations  in  viscera  were 
substantially  lower,  with  the  greatest  concentrations  in  bass  (0-626  ppm), 
followed  by  values  for  pike  (0-47  ppm),  blueglll  (0-32  ppm),  catfish  (0-12 
ppra),  and  bullhead  (0-11  ppm). 

Eotenlial_fQE_IcaDsIec_Qf_A!;uatic_CQai.aEiiiDaDis_lC!_lBrj:esti:lal_£cDS>:sieia 
Contaminants  that  have  entered  aquatic  ecosystems  and  have  bloaccumulated  In 
aquatic  organisms  can  eventually  reach  terrestrial  organisms  through 
aquatic-terrestrial  food  web  Interrelationships-  Terrestrial  organisms  such 
as  birds  and  mammals  feed  on  aquatic  organisms  such  as  fish,  Insects,  and 
plants  that  may  have  acquired  contaminants  through  absorption  or  Ingestion 
of  contaminants  or  contaminated  organisms-  A  more  extensive  review  of  this 
pathway  Is  presented  In  Section  5-2  of  this  document- 

5  -  3  -  4  -  2  £f  f  ecl.s_Qf_CQntaniaatlQn_in_EflA_Aqu3lic_CQEinunil.ies 
Data  collected  on  the  aquatic  communities  In  three  of  the  Lower  Lakes  (Lower 
Derby,  Ladora,  and  Mary)  on  RMA  were  compared  to  similar  data  collected  at 
the  McKay  Lake  control  area  (MKE,  1983).  A  brief  summary  of  these 
comparisons  between  contaminated  and  control  areas  Is  presented  below  by 
taxonomic  grouping-  In  Interpreting  these  data  It  should  be  kept  In  mind 
that  a  multitude  of  Interacting  causes  could  be  responsible  for  the 
differences  detected  among  the  contaminated  lakes  and  between  the 
contaminated  and  control  areas. 
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Eb^QplanklQo 

The  density  and  diversity  of  the  phytoplankton  community  of  McKay  Lake  were 
generally  within  the  range  of  values  found  in  the  RMA  lakesi  but  the 
community  at  McKay  Lake  was  somewhat  different  in  terms  of  composition. 

Mean  density  in  McKay  was  2,623  per  ml,  values  that  resembled  those  in  Lake 
Mary  (1,918  per  ml).  Both  these  lakes  had  a  greater  diversity  than  Ladora 
(1,269  per  ml)  and  a  lower  diversity  than  Lower  Derby  (13,85^  per  ml). 

Phytoplankton  diversity  in  McKay  averaged  25  taxa,  compared  with  2ii  for 
Mary,  28  for  Lower  Derby,  and  41  for  Ladora. 

Community  composition  of  McKay  Lake  was  similar  to  the  Arsenal  lakes  in  the 
overall  dominance  of  green  algae.  However,  there  were  differences  in  the 
relative  abundance  patterns  of  taxa  between  McKay  Lake  and  the  Arsenal 
lakes;  the  mean  relative  abundance  of  green  algae  in  McKay  was  greater, 
euglenophy tes  and  diatoms  had  a  much  lower  mean  relative  abundance  in  McKay, 
pyrrhophytes  were  more  Important,  and  chrysophytes  and  cyanophytes  were  less 
important  in  McKay  than  in  the  RMA  lakes- 

Miccazooplanklon 

Microzooplankton  density  was  markedly  lower  In  McKay  Lake  during  the  four 
sampling  periods  than  in  the  three  RMA  lakes-  This  may  have  resulted  from 
differences  in  the  abundance  or  availability  of  food,  factors  that  typically 
limit  populations  of  rotifers  (Pennak,  1978),  the  primary  microzooplankton 
present  in  all  of  these  lakes-  The  numbers  of  rotifer  taxa  varied  among  the 
lakes,  with  McKay  Lake  (8  taxa)  .most  similar  to  Lower  Derby  (3  taxa),  but 
with  lower  diversity  than  In  Lake  Ladora  (11  taxa)  and  Lake  Mary  (17  taxa). 
These  differences  may  have  been  related  to  differences  in  habitat  among  the 
lakes . 

MaerDzeopiankton 

The  mean  density  of  macrozooplankton  in  McKay  Lake  (368  per  liter)  was  below 
the  range  for  the  three  Lower  Lakes  (403  per  liter  In  Lake  Mary  to  602  per 
liter  In  Lower  Darby  Lake).  This  range  in  density  could  ba  related  to 
variations  In  food  availability. 
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The  dominant  taxa  in  all  four  lakes  were  cladocerans  and  copepods,  which 
varied  among  lakes  and  seasons-  The  total  numter  of  taxa  collected  at  McKay 
Lake  (17)  was  similar  to  the  numbers  collected  in  Lower  Derby  Lake  (16)  and 
in  Lakes  Ladora  and  Mary  (19  each).  Two  cladoceran  species  found  in  McKay 
Lake  were  absent  from  the  RMA  lakes;  otherwise,  the  taxa  were  the  same. 

Benlhlc_liacrQinyeclebcates 

The  mean  density  of  benthic  macroinvertebrates  in  McKay  Lake  (2,00^  per  m^) 
was  within  the  range  of  mean  densities  in  the  RMA  lakes  (1,590  per  in 
Lower  Derby  to  2,669  per  in  Lake  Mary).  Overall  abundance  patterns  were 
similar  among  the  lakes. 

The  mean  and  total  number  of  raacrolnvertebrate  taxa  collected  by  Ponar 
dredge  at  McKay  Lake  were  within  the  range  of  values  for  the  RMA  lakes,  and 
the  dominant  groups  of  benthic  organisms,  tubiflcld  worms  and  chironomld 
flies,  were  the  same.  Seasonal  trends  for  the  abundance  of  these  dominant 
groups  varied  between  the  groups  and  among  the  lakes  with  no  apparent 
pattern. 

Aquatic_£laoLs 

Six  taxa  of  submergent  aquatic  plants  were  Identified  from  the  RMA  lakes; 
one  of  these  taxa  was  missing  at  McKay  Lake.  The  areal  coverage  of 
submergent  aquatic  plants  at  McKay  Lake  (5  percent)  was  closest  to  that  In 
Lower  Derby  Lake  (<1  percent),  with  both  these  lakes  being  more  turbid  that 
Lakes  Ladora  and  Mary,  which  had  areal  coverage  of  57  percent  and  65 
percent,  respectively. 

Broadleaf  and  narrowleaf  cattails  were  the  predominant  emergent  aquatic 
plants,  covering  3.3  hectares  (ha)  In  McKay  Lake,  3.^,  ha  In  Lower  Derby 
Lake,  1  ■ ha  In  Lake  Ladora,  and  1 . 0  ha  in  Lake  Mary. 

Eisb 

Twelve  species  of  fish  were  Identified  In  McKay  Lake,  compared  to  eight 
species  In  Lower  Derby  Lake,  seven  in  Lake  Ladora,  and  five  In  Lake  Mary. 
McKay  Lake  has  been  more  actively  and  recently  managed  as  a  fishery. 

Blueglll  and  bass  ware  two  species  in  common  between  RMA  lakes  and  McKay 
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Lake  and  that  were  abundant  In  both.  MKE  (1988)  calculated  condition 
factors  for  bass  and  blueglll  (Section  4.3-3)  which  Indicated  that  fish 
condition  In  RMA  lakes  was  generally  better  than  In  the  offpost  control 
lake.  These  results  are  not  readily  related  to  the  characterization  of 
contamination  effects  on  RMA  because  additional  factors  (e-g.,  diet, 
population  density,  etc.)  could  effect  fish  condition  and  because  the  data 
used  to  calculate  condition  factors  (weight  and  length)  are  not  typically 
evaluated  as  known  effects  of  the  contaminants  present  In  RMA  lakes. 

The  data  on  chemical  contaminants  In  fish  species  provided  In  Section  4.3.3 
(MKE,  1988)  provide  means  of  evaluating  contaminant  effects  on  aquatic 
communities.  A  statistical  analysis  of  the  1988  data  (MKE,  1988)  showed 
that  each  of  four  analytes  (dleldrln,  aldrln,  DDE,  and  mercury)  exhibited 
highly  significant  differences  between  Lower  Derby  Lake  and  McKay  Lake  for 
bass,  despite  small  sample  sizes,  but  that  none  of  these  analytes  exhibited 
significant  differences  between  Lower  Derby  Lake  and  McKay  Lake  for 
blueglll . 

Results  of  MKE  analyses  Indicate  that  organochlor Ine  pesticides  and  mercury 
are  still  present  In  the  aquatic  ecosystems  on  RMA.  Pathways  analyses 
(Section  5.2)  further  suggest  that  the  concentrations  present  In  some  biota 
may  pose  a  hazard  to  animals  within  the  aquatic  food  web.  Concentrations 
are  somewhat  lower  than  those  reported  by  Rosenlund  et  ai-  (1986), 
suggesting  that  the  contaminants  are  less  available  to  biota  than  In  the 
recent  past . 
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3  -  assimilation  efficiency. 

Acetylcholinesterase  Inhibitor  -  a  chemical  that  causes  accumulation  of 
endogenous  acetylcholine  in  nerve  tissue  and  effector  organs  with 
consequent  signs  and  symptoms  that  mimic  the  muscarinic,  nicotinic,  and 
central  nervous  system  actions  of  acetylcholine.  Acetylcholine  Is  the 
chemical  transmitter  of  nerve  Impulses  at  endings  of  postganglionic 
parasympathetic  nerve  fibers,  somatic  motor  nerves  to  skeletal  muscle, 
preganglionic  fibers  of  both  parasympathetic  and  sympathetic  nerves, 
and  certain  synapses  in  the  central  nervous  system  (Casarett  and  0oull, 
1986). 

ACGIH  -  American  Conference  of  Governmental  Industrial  Hygienists. 

AChE  -  acetylcholinesterase. 

Acute  exposure  -  a  single  exposure  or  multiple  exposure  occurring  within 
7^  hours  or  less  (Casarett  and  Doull,  1980). 

Ad  libitum  -  In  biological  studies,  feed  or  food  provided  without  restraint 
or  1 Imlt • 

AEP  -  Aurora  Environmental  Park. 

Alopecia  -  loss  of  hair,  wool  or  feathers. 

Anorexia  -  loss  of  appetite,  not  eating  feed  (Hudson  Et  al. ,  1984). 

Anurans  -  frogs,  toads,  or  tree  toads,  all  of  which  lack  a  tall  In  the 
adult  stage. 

Apnea  -  cessation  of  breathing  (Hudson  el  al.,  1984). 

ARAR  -  applicable  or  relevant  and  appropriate  requirement. 

Army  -  Department  of  the  Army 

Assimilation  efficiency  -  ug  of  contaminant  absorbed  per  ug  Ingested. 

Asthenia  -  weakness,  debility  (Hudson  et  al.,  1984). 

ASTM  '  American  Society  for  Testing  and  Materials 

Asynergy  -  lack  of  coordination  between  muscle  groups:  movements  are 

In  serial  order  Instead  of  being  made  together  (Hudson  at  al.,  1984). 

Ataraxla  -  Imperturbability,  calmness  (Hudson  et  al- >  1984). 

Ataxia  -  muscular  Incoordination,  especially  when  voluntary  muscular 
movements  are  attempted  (Hudson  et  al-,  1934). 
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BAF  -  bloaccutaulat  Ion  factor  . 

BCF  -  bloconcentrat Ion  factor  (C^j/Cy). 

BMF  -  blomagnlf  Icat  Ion  factor  (Cj,/Cj}). 

Benthic  organisms  or  benthos  -  organisms  living  on  or  in  the  bottom 
of  oceansi  lakes  or  streams- 

Bloaccuraulat ion  -  concentration  effect  of  a  chemical  expressed  as  a  ratio 
of  the  concentration  of  a  chemical  in  the  organism  to  that  in  the 
medium  (usually  water)-  Bloaccuraulat ion  refers  to  both  uptake  of 
dissolved  chemicals  from  water  and  uptake  from  Ingested  food  and 
sediment  residues  (Casarett  and  Doull,  1986)- 

Bloassay  -  the  determination  of  the  strength  of  a  drug  or  other  substance 
by  comparing  its  effects  on  an  organism  with  those  of  a  standard 
substance  - 

Bioconcentration  -  a  process  by  which  there  is  a  net  accumulation  of 

a  chemical  directly  from  water  into  aquatic  organisms  resulting  from 
simultaneous  uptake  (e-g-i  by  gill  or  epithelial  tissue)  and 
elimination  (Rand  and  Petrocelli,  1985)- 

Blomagnlf Icatlon  -  result  of  the  processes  of  bioconcentration  and 

bloaccuraulat ion  by  which  tissue  concentrations  of  bioaccumulated 
chemicals  increase  as  the  chemical  passes  up  through  two  or  more 
trophic  levels-  The  term  implies  an  efficient  transfer  of  chemical 
from  food  to  consumer t  so  that  residue  concentrations  Increase 
systematically  from  one  trophic  level  to  the  next  (Rand  and  Petrocelli. 
1985)- 

Blome  -  all  plants,  animals,  and  other  organisms  that  make  up  a  distinct 
natural  comaunity  in  any  climatic  reglon- 

Bradychardla  -  slow  heart  beat  (  Hudson  el  al-.  1984)- 

Bradypnea  -  slow  breathing  (Hudson  el  al-.  1984)- 

Cb  -  concentration  in  biota- 

Cj  -  concentration  in  diet- 

^sed  “  concentration  in  sediment- 

Cy  -  concentration  in  water- 

CAR  -  Contamination  Assessment  Report - 

Carcinogenic  -  A  substance  or  agent  producing  or  inciting  cancer- 
CDH  -  Colorado  Department  of  Health- 
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CDOW  -  Colorado  Division  of  Wildlife. 

CERCLA  -  Comprehensive  Environmental  Response.  Compensation,  and  Liability 
Act . 

CF&I  -  Colorado  Fuel  and  Iron  Corporation 
ChE  -  see  AChE. 

Chronic  exposure  -  usually  refers  to  length  of  experimental  exposure 

extended  over  the  average  lifetime  of  the  species.  Thus,  for  a  rat. 
exposure  Is  normally  two  years.  Dosages  used  are  selected  that  at 
least  50  percent  of  the  animals  will  survive  for  the  entire  duration  of 
the  study  (Casarett  and  Doull.  1986). 

Climax  -  the  final  or  stable  community  In  a  successlonal  series.  It 

Is  self-perpetuating  and  In  equilibrium  with  the  physical  and  biotic 
environment  (Krebs,  1978). 

CG  -  Phosgene 

CK  -  Cyanogen  chloride 

COE  -  U.S-  Army  Corps  of  Engineers 

CPMS  -  chlorophenylmethyl  sulfide 

CPMSO  -  chlorophenylmethyl  sulfoxide 

CPMSO2  -  chlorophenylmethyl  sulfone 

DBCP  -  dlbromochloropropane ■ 

DCPD  -  dlcyclopentad lene 

DDE  -  1 , 1-d lchloro-2 . 2-bls( A-chlorophenyl ) -ethylene • 

DDT  -  Dlchlorodiphenyltrlchloroethane- 
DIMP  -  dllsopropyl  methyphosphonate • 

DMMP  -  dimethyl  methylphosphonate • 

DNA  -  deoxyribonucleic  acid- 
DNMA  -  nl t rosod Ime t hy laml ne 

Depuration  -  a  process  that  results  In  elimination  of  a  chemical  from 
an  organise  by  desorption,  diffusion,  excretion,  egestlon. 
blot ransformat Ion ,  or  another  route  (Rand  and  Petrocalli,  1985). 
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Detritus  -  decaying  organic  matter. 

Detrltlvore  -  a  detritus  consuming  organlsm- 

Dlsclimax  -  the  coaimunlty  replacing  the  climax  after  a  disturbance  of  the 
climax  community  (Krebs,  1978). 

Dyspnea  -  shortness  of  breath,  labored  breathing  (Hudson  et  al- >  198A). 

EA  -  Endangermant  Assessment 

EC50  -  concentration  affecting  50  percent  of  a  population- 

Ecological  magnification  -  soil  to  organism  uptake. 

EMF  -  ecological  magnification  factor. 

EMLD  -  empirical  minimum  lethal  dose.  The  oral  dose  resulting  In  one  or 
two  deaths  within  30  days. 

EPA  -  Environmental  Protection  Agency. 

Ephemeral  -  transitory  or  of  short  duration,  such  as  a  plant  or  animal 
that  grows,  reproduces  and  dies  all  In  one  day  or  a  few  days. 

Eplstaxls  -  nose  bleed  (Hudson  et  al-,  1984). 

Erythema  -  redness  of  the  skin  due  to  dilation  of  blood  vessels  (Hudson 
et  al- ,  1984). 

ESE  -  Environmental  Science  and  Engineering,  Inc. 

°F  -  degrees  Farenhelt 

Fasclculat Ion  -  skin  or  superficial  tremors  (Hudson  el  al. ,  1984). 

FDA  -  Food  and  Drug  Administration 

f^  -  food  terra. 

fg(,  -  fraction  of  organic  carbon. 

Florlstlcs  -  the  study  of  the  geographical  distribution  of  plants. 

Flow-through  syste-^  -  an  exposure  system  for  aquatic  toxicity  tests  in 

which  the  tes  tterlal  solutions  and  control  water  flow  into  and  out 
of  test  charabars  on  a  once-through  basis  either  intermittently  or 
continuously  (Rand  and  Petrocelll,  1985). 

Food  chain  -  a  group  of  organisms  so  Interrelated  that  each  raember  of 

the  group  feeds  upon  organisms  in  the  trophic  level  below  it  and  is  in 
turn  eaten  by  organisms  In  the  higher  trophic  levels. 
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Fcxjd  web  -  a  group  of  interrelated  food  chains  in  a  particular  community. 

ft  -  foot 

Cavage  -  Introduction  of  material  into  the  stomach  by  a  tube- 

CB  -  Sarin  (nerve  agent) 

CR50  -  50  percent  growth  inhibition. 

H  -  Levensteln  mustard 

Heteroscedast Ic  -  showing  unequal  variability;  not  showing  the  same  standard 
deviation. 

Homogeneity  -  being  made  up  of  similar  parts  or  elements:  of  uniform 
nature  throughout. 

Hydrophyte  -  a  plant  growing  in  water  or  in  soil  too  waterlogged  for  most 
plants  to  survive. 

Hyperemia  -  congestloni  an  unusual  amount  of  blood  in  a  part  of  the 
body  (Hudson  el  al-i  198^)- 

In  situ  -  in  the  natural  or  original  position:  in  an  organism’s  natural 
environment  or  habitat. 

Instar  -  growth  stage  or  period  of  growth  occurring  between  any  two 

successive  molts,  as  in  Insects  and  crustaceans  (Johnson  and  Finley. 
1980). 

V.2  -  depuration  or  loss  rate. 

Kj  -  sediment-water  partition  coefficient. 

Kq{.  -  soil-water  partition  coefficient  normalized  for  organic  carbon. 

Kpy  -  octanol-water  partition  coefficient- 

Lacrlmatlon  -  production  of  tears  (Hudson  at  ai-.  198^). 

Lagomorph  -  any  of  the  order  of  gnawing  mammals  having  two  pairs  of  Incisors 
in  the  upper  jaw  one  behind  the  other-  Includes  rabbits,  hares,  and 
pikas . 

Littoral  -  of.  belonging  to.  or  found  on  or  near  the  shore  of  a  lake:  or 
a  region  along  the  shore  or  coast. 

LCj^g  -  concentration  lethal  to  10  percent  of  the  exposed  population- 

LC50  -  lethal  concentration  In  50  percent  of  a  pcpulatlon- 

LD^q  -  lethal  dose  in  50  percent  of  a  population. 
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LOAEL  -  lowast  observed  adverse  effects  level. 

MATC  -  maximum  acceptable  tissue  concentration- 
Meslc  -  nwlst. 

Micromho  (umho)  -  unit  of  electrical  conductivity. 

Microohms  (uohm)  -  unit  of  resistance  to  electrical  current. 

t 

Miosis  -  constriction  of  the  pupil  (Hudson  et  al- 1  198A). 

mg/1  -  milligrams  per  liter 

HKE  -  Morr Ison-Knudsen  Engineers.  Inc- 

mm  -  millimeter 

MPA  -  mechylphosphonlc  acid- 

MPTC  -  maximum  permissible  tissue  concentration 
msl  -  mean  sea  level 

Mutagenicity  -  the  ability  of  a  chemical  to  cause  changes  In  the  nucleus 
of  cells  In  ways  that  can  be  transmitted  during  cell  division. 

Mydriasis  -  excessive  dilation  of  the  pupil  of  the  eye- 

NCP  -  National  Oil  and  Hazardous  Substances  Pollution  Contingency  Plan 

NOEL  -  no  observed  effects  level. 

NTU  -  nethelometr ic  turbidity  unit-  Relative  unit  measuring  scattered 
light . 

Nutation  -  nodding  of  the  head. 

Nonparametr Ic  -  statistical  techniques  that  are  distribution  free  (Slegal, 
1956). 

OCP  -  organochlorlne  pesticide. 

Opercular  rhythm  -  opening  and  closing  of  the  gill  covering. 

Opisthotonos  -  arching  of  the  back  and  arching  of  the  neck  over  the  back 
(Hudson  ei  ai-.  198^1). 

Orthogonal  -  comparisons  which  are  Independent  of  each  other. 

OSHA  -  Occupational  Safety  and  Health  Administration. 


